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APPENDICES 	 A I - A XXXIII 
ABSTRACT. 
The neodymium oxide - chronic oxide system has been 
studied in the temperature range 350-950°C. Reaction was found 
to take place with the formation of neodymium chromite and 
an oxidised product. 
An analytical method, suitable for accurate determination 
of each component of a reacted sample, was developed. This 
included a method of determining the oxidation state of the 
chromium in the oxidised product, which was found to be 
neodymium chromate (VI) under all conditions. 
Reaction of the oxides in argon and oxygen atmospheres 
showed that the neodymium chromate (VI) was formed only in the 
presence of oxygen. As no reaction takes place in argon it was 
also concluded that neodymium chromite is formed by decompos±2jon 
of the chromate (VI), not by direct combination of the oxides. 
This mechanism was supported by kinetic data. 
The rate of formation of neodymium chromate (VI) 
increased continuously from 35000  to ca. 80000. At ca. 800 0C, 
there appeared to be a change in reaction mechanism, shown by 
the decrease in percentage total products with increasing 
temperature from 760 to ca. 81*000. 
By analogy to the mechanism suggested (Haber and 
Hanumanlu (1969)) for the MgO - Cr203 system, it is proposed 
that the initial stage in the formation of the neodymium 
chromate (VI) is oxidation of the chronic oxide particles at 
the surface to chromium trioxide. This is followed by rapid 
transport to the surface of the neodymium oxide particles 
where reaction takes place according to the equation: 
3 Cr03 + Nd203 	> Nc12(CrO1* ) 3 
Neodymium chromite formed only at temperatures greater 
than 5000C in air, and slightly lower in oxygen. Therefore 
the chromate (6 @,,U) formed in this system was of higher thermal 
stability than that prepared from solution. It was concluded 
that this is probably due to 4 structural differences, 
substantiated by the infrared absorption spectra. 
The mechanism of the decomposition of the chromate (VI) 
could not be established with certainty, because of the difference 
in structure, which is unknown. 
Neodymium chromate (V) was prepared by the solid-solid 
reaction of neodymium oxide with neodymium chromate (VI), in 
contflst to the reaction of the oxides where the chromate (VI) 
did not react with unreacted neodymium oxide. In the latter 
case, two known differences, the ratio of chromate (VI) to 
neodymium oxide and the presence of chromic oxide, were found 
to have little effect.'on the formation of the chromate M. 
This provided further evidence for the chromàte (VI) formed 
in the reaction of the oxides being structurally different 




In the present work 0 the neodymium oxide - chromium (III) 
oxide system is studied at temperatures below 10000C in order to 
gain a better understanding of the solid state reactions which 
take place during their interaction. In particular, the formation 
of any intermediate reaction products with chromium in an 
oxidation state greater than 3+, namely neodymium chromate (VI) 
or chromate (V) 0 was investigated. Thus the present work is to 
some extent a study of the reverse of the decomposition reactions 
of the chromate (VI) and chromate (V). 
A detailed kinetic and mechanistic study of the decompos-
ition of a number of lanthanide chromates (VI) and chromates (V), 
including those of neodymium, were previously carried out [Kirk-
patrick (1966); Darrie (1967)) in this laboratory. The decomposition 
of neodymium chromate (VI) is reported [Kirkpatrick (1966)] to be 
a two stage reaction, according to the equation: 
Nd2(CrOk)3 	> 2 NdCrO4 + 0.5 Cr203 + 1.25 Oa 
ZNdCrO4 2 NdCrO3 + 02 
The chromate (V) is a stable intermediate in the decomposition 
of the chromate (VI). 
High temperature studies of the lanthanide oxide - chromium 
(III) oxide systems, particularly their phase diagrams and phase 
transformations, are reported in considerable detail for many of 
the lanthanides, A study of the phase relations in the Lb 203 - 
Cr203 system ( Lii = lanthanide ) is reported [Treevyatsica et al. 
(1968)] ; from X-ray analysis it is ascertained that the 
lanthnide chromites, LnCrO3 , are formed in samples of the oxides 
containing from 5 to 95% of chromium (III) oxide. The chromite of 
lanthanum is reported [Pavlikov (1966)) to have a reversible 
polymorphic transformation at a temperature of 290 * 50C. The 
chromites of praseodymium, neodymium, samarium and yttrium do 
not show a reversible polymorphic transformation within the 
temperature range 20 - 90000. The phase diagrams for the systems 
of Cr203 with La203  [rcasseuanne  (1968)] , 8m203 [Lopato (1966)] 
Nd203 [Pavinov and Tresvyatskii (1966)] , Gd203 [zhevchenko et 
a].. (1966)] , Eu.03 [Shevchenko et a].. (1967)] , Dy203 [shevaizenito 
at a].. (1969)] , and 1203  {Pavlikov et a].. (1966)] are reported 
at high temperatures 0 generally from ca. 160000 upwards. In each 
case only one compound is reported, namely the perovskite LnCrO 3 . 
The La203 - Cr203 and Nd203 - 0r203 systems have been investigated 
[Andreeva and Keler (1966)] by differential thermal analysis up to 
1300C, No effects indicating the formation of compounds or solid 
solutions were observed, and it was found that complete sintering 
was not attained at 1500°C in these systems for either 1:1 or 1:2 
compositions. 
In a study of the effect of oxygen pressure on the behaviour 
of the La203 - Cr203 system [Beraoan at ml, (1970)] at high 
temperatures, large amounts of oxygen were found to be absorbed 
during fusion of the system. Most of this absorbed oxygen is 
released on re-solidification of the mixture. It is suggested 
that the dissolution of oxygen by the fused mixture is probably 
due to formation of the chromate (VI) of lanthanum, according to 
the reaction 
6 LaCrO3 + 9/2 02 >  2 Laa(CrOk), + La203 
Evidence for the presence of the chromate (vi) ions, crot, in 
the products fused in air or oxygen is given by diffuse 
reflectance spectra andby reaction in acid medium with s- diphenyl-
carbazide; the products fused under argon do not contain chromate. 
The chemical evidence given by Berjoan (1970) for the presence of 
2 
CrO 2- ions by their dissolution into acid is not in fact 
conclusive of the presence of lanthanum chromate (VI), since 
lanthanum chromate (V) is also known to yield crot  ions in acid 
media, according to the disproportionation reaction [scholder 
( 1952 )1 
3 CrO )' -  2 CrOt + Cr3 
The preparation of the chromites of the lanthanides is 
reported [Ruggiero and Ferro (1955) ; Schneider et a].. (1961)] 
to take place by reaction of finely mixed equimolar mixtures of 
chromium (III) oxide and the oxide of the appropriate lanthanide 
at temperatures greater than 1350
0
C. In the preparation of 
lanthanide chzomites in this way, the reaction between the oxides 
is reported [Portnoi and Timofeeva (1965)] to be complete at 
temperatures above ca. 1480 °C, according to chemical analysis data. 
From the analytical data it was found that the lanthanide chromites 
have compositions close to stoicheiometric composition, with only 
slight deviations; this phenomenon is characteristic of compounds 
with a perovskite — type structure. 
All the lanthanide chromites prepared in the way described 
above are isostructuraj. with GdFeO3 [Geller (1957)] , belonging to 
space group D-Pbnm with four distorted perovskite units in the 
true crystallographic cell. The lanthanide chromites are reported 
[Ruggiero and Ferro (1955)] to have the ideal cubic perovskite 
structure (space group 0-Pm3m) or a very slightly distorted 
modification. The crystalline form is also reported [Schneider et 
al. (1961)] as being an orthorhombically distorted perovskite 
structure; neodymium chromite gives an X-ray powder diffraction 
pattern [Kirkpatrick (1966)] consistent with the distorted 
perovskite structure. In perovskite-type structures the lanthanide 
cation has a coordination number of 12 with oxygen [ward (1959)] 
3. 
and the octahedral interstices between the oxygen atoms are 
filled by smaller cations of coordination number 6. X-ray 
analysis [Quezel-ambrunaz and Mareacha]. (1963)] has shown 
that these chrontites have a perovskite lattice with rhombic 
distortions which increase from lanthanum to lutecium; the 
structures of the first members of the lanthanide series come 
closest to the ideal perovskite lattice. 
This lattice distortion [Quezel_Ambrunaz and l4areschaj 
(1963)] in the series of lanthanide chromites gives rise to 
splitting of the infrared absorption band [Matveichuk et al. 
(1966)] which appears in the regtou480430cj( 1 , in the yttrium 
subgroup but not in the cerium subgroup; this band is 
attributed to vibrations of the Ln-O-Cr group. It is known 
[Lawson (1964)] that splitting of bands is often connected 
with the changing of the crystal's symmetry; perhaps this 
takes place for the lanthanide chromites [Matveichuk (1966)] 
The lanthanide chromites all exhibit a second band in the 
infrared spectra at ca. 600cz& 1 , unchanged throughout the 
series [Matveichulc et at. (1966)] . The strong doublet absorp-
tion of chromium (III) oxide lies in this region [aril and 
Goloczolzina (1962)] , and therefore the band at 600cm in 
the spectra of the chromites was attributed [Matveichulc (1966)] 
to Cr-0 valence vibrations. 
Very little work is reported in the literature on the 
Interaction of the lanthanide oxides-chromium (III) oxide sys-
tems at temperatures in the region of 1000 °C and less. In most 
cases the perovskite-type lanthanide chromite is the only 
reported reaction product. For example, in the 3m 203-Cr203 
system [Portnoi et al. (1965)] , the chromite was formed from 
equimolar mixtures of the oxides even after sintering at only 
4. 
kOO°C for 2 hours, with 6.2% chromite formed. At 800°c and 
above the reaction goes to completion. With compositions 
of 3m203:Cr203 	:3 of 2, 1:2 and 1:6 the reacted mixtures 
consisted of two phases, chromium (III) oxide and samarium 
chromite. The extent of the reaction between the oxides in 
most of the Ln2OçCr2O3 systems can be followed by chemical 
phase analysis based on the different solubilities of the 
starting materials and the chromites in mineral acids [PoEtnol. 
and Timofeeva (1965)3; or based on the selective solubilities 
of the reaction products in 20% aqueous ammonium nitrate 
solution [Andxeeva and Keler (1966)]. 
A report [Tresvyatskii and Pavlikov (1964)] on the phase 
diagram of the La203 - Cr203 system in air and argon shows that 
in addition to the formation of the chromite in each atmos-
phere, lanthanum chromate (VI) is present at temperatures of 
1000°C and less in air. 
A study of the solid-phase reactions in the lanthanide 
oxide - chromium (III) oxide system at temperatures below 1000 °C 
is reported [Rubinciick et al. (1968)] for only lanthanum 
and yttrium oxidesz • In the Y 2  0 3 - Cr203 system, yttrium chromite 
is the only reaction product, the reaction beginning at 
7000C, with complete transformation attained only at 14000C. 
In the La203 - Cr203 system, with 1:1 molar composition, 
interaction of the oxides starts at ca. 450 0C, according to 
chemical analysis, and the reaction for lanthanum chromite 
formation is completed at 1150 0C. At lower temperatures 800-
4500C the formation of the chromite becomes more complex due 
to the presence of an additional product of the reaction, 
lanthanum chromate, whose presence was established by both 
infrared spectra and chemical analysis; no details of the 
5 . 
chemical analysis are given in the paper. A maximum was 
observed in the curves representing quantity of chromat -e 
formed versus time for temperatures in the range 1+50600°C. 
On the basis of the kinetic data and results of experiments in 
vacuum and argon it is concluded that lanthanum chromate is an 
intermediate reaction product. A two stage reaction scheme 
is suggested in which chromate it formed initially with the 
participation of oxygen of the air and then it decomposes 
to the chromite giving off oxygen into the gas phase. An 
analogous low temperature study of the Nd203 - Cr203 system 
is not reported in the literature, because of the detection 
of an oxidised product in the present work on Nd203 - Cr203 
system, and the reported formation {Pubinchsck et al. (1968)] 
of lanthanum chromate in the La203 - Cr203 system, a literature 
survey was carried out on other metal oxide - chromium (III) 
oxide systems where oxidised products are reported, and 
several of these are discussed below, 
Considerable work has been reported on the interaction 
of the oxides in the MO - Cr2O system with formation of the 
chromite NCr2Ok, where M is an alkaline earth metal or. a 
transition metal. In some cases the metal chromate is reported 
to be formed as an intermediate product. Nany of these 
systems obey the parabolic rate law reported [Parravano (1952)] 
for the MgO - Cr203 system. 
A kinetic study of the reaction between MgO and Cr 203 
to form MCr2O [Hulbert et al. (1968)] was carried out 
isothermally in the temperature range 735 0C to 13000C in air, 
with ?4Cr2O the only reaction product; there was no evidence 
for any intermediate chromate phases being formed in the 
course of the reaction. The fraction of reaction completed was 
determined by the amount of unreacted magnesium leached from 
6 . 
the reacted sample using 0.5N hydrochloric acid. The 
reactivity of the MgO (by calcination at different temperatures 
before reaction) was shown to have a considerable effect on the 
reaction. Reaction of pellets of MgO and Cr203 in contact 
along one face is reported [Yamaguchi and Tokuda (1967)] to 
form a layer of spinel, MgCr2O4 , which is preceded by a layer 
of solid solution at the MgO - epinel interface. The spinel 
layer adhered selectively to the MgO pellet and it was 
suggested that this may be because Cr203 is very volatile com-
pared to MgO, This means that Cr203 may be able to enter into 
the MgO lattice to form a solid solution, over-saturation of 
Which may yeild the spinel MgO.Cr203. Evidence of a solid 
solution layer of chromium in magnesium oxide preceding the 00 
spinel layer is reported [Ilulbert et al. (1968)] , with no 
evidence for the formation of any intermediate chromate phases. 
Inert marker experiments [Hulbert et al. (1968)] have shown 
that chromium (III) oxide is the major diffusing species below 
12000C, while above lOO°C the reaction proceeds by the 
counter diffusion or Mg and Cr3 ions: vapour transport of 
chromium (III) oxide did not play any part in the reaction. 
Lattice diffusion of Cr ions with gaseous transport of 
oxygen is expected since the vapour pressure of Cr 203 is too 
low below 12000C for a significant amount of mass transport of 
chromium in the gas phase. There must be a certatn amount of 
lattice distortion and a certain number of collisions of 
atomic species when Cr and 0 atoms reach the MgO phase boundary, 
before the equilibrium spinel lattice Is formed. It was 
proposed [Hulbert et al. (1968)] that the MgO and CrO react 
initially to form an imperfect lattice; these imperfections in 
the lattice make possible a rapid diffusion of Cr 203 species 
7. 
through the product phase, and thus a high reaction rate. 
The interaction of MgO with Cr 203 in equimolar mixture 
in air at temperatures below 800 0C is reported [charcosset et 
al. (1964)] to be autocatalytic, with magnesium chromate, 14gCrO4 , 
together with a supplementary phase. ) Mg2Cr2O5 , as inter- 
mediate reaction products. The initial reaction was assumed 
to take place by direct combination of the oxides according 
to the equation: 
Cr203 + MgO = I4gCr204 
and that subsequently a mechanism involving the intermediate 
phase, MgCrO4 , arises. The intermediate product MgCr0 4 is 
reported [Heinrich (1954); 4e1anski et a].. (1960)] to form in 
the MgO - Cr2O3 system according to the equation: 
Cr203 4 2 MgO + 1.5 02 = 2 MgCrO4 
The quantity of magnesium chromate is determined colon-
metrically after dissolution into dilute hydrochloric acid, 
together with uncombined MgO. This chromate subsequently gives 
rise to rigcr204 [Heinrich (1954)] according to the equation; 
2 MgCrO4 = MgCr2O4 + MgO * 1.5 02 
The mechanism of the decomposition of MgCrO 4 has been 
investigated [Charcosset et al. (1964); Ryss and Ouriteka (193 1+)] 
and found to be a two stage reaction, namely; 
2 MgCrO4 = M82Cr2O5 + 1.5 02 
Mg2Cr2O5 = MgCr2O4 + MgO 
It was also shown [cizarcosset et a].. (1964)] that the presence 
of 0r203 causes a retardation in the decomposition of the 	Y 
chromate. It was proposed that initially, the decomposition 
of the intermediate phase, MgCrO 4 , is inhibited by 0r203 , and 
the chromite appears in significant quantity only by the direct 
combination of the two oxides. The product thus formed 
Interposes itself between the chromate and the Cr 2O3f, 
the inhibiting action of which it hinders. This permits an 
acceleration of the reaction due to formation of the chromite 
by reactions 2, 4 and 5 above. There was uncertainty about 
the role played by the f4g2Cr205 , but it was concluded that it 
is probably only an intermediate phase supplementary in the 
formation of chromite and is eliminated according to equation 6. 
(6) 14g20r205 + Cr203 = 2 t1gCr204 
The mechanism of the spinel formation from MgO and 
Cr203 is reported [Doren and Haber (1966)] to involve the 
Initial covering of the surfaces of the MgO particle by Cr203 , 
This is followed by oxidation of surface Cr(I11) to Cr(IV), 
according to equation; 
2 MgO + Cr203 + 015 02 	> 2 MgO.Cr02 , 
and finally reduction of the MjO.Cr02 to magnesium chromite. 
The only tetravalent chromium compounds known are those involving 
large cations which seem to stabilise the tetravalent chromium. 
Since Cr02 itself is stable only at high oxygen pressures ) the 
possibility of forming tetravalent chromium compounds with 
intermediate - sized cations, such as Ni 2+ 14g2+0 Cd2 at high 
oxygen pressures has been studied [Muller et al.. (1968)] for 
the 140 - Cr203 - 02 systems (14 z Ni, Mg, Cd), but no tetravalent 
chromium compounds were detected. 
A detailed study of the kinetics and mechanism of the 
solid state reaction in the MgO - Cr203 system is reported 
[Haber and Hanumanlu (1969)] in the temperature range 400-
700C. From chemical analysis and X-ray powder diffraction 
measurements,it was found that magnesium chromate played an 
9 . 
active role in the initial stages of the reaction... There was 
no evidence to suggest that the basic chrornite, Mg3Cr205, was 
formed at any stage of the reaction. It was concluded that 
in the formation of spinel after the initial stages of the re-
action, the reaction proceeds in two consecutive steps; a 
rapid surface reaction and a slower growth of the product layer 
on the MgO grains, the rate of the latter being determined by 
the rate of diffusion through this layer. The nature of the 
product formed as a result of the surface reaction lathe first 
step was also investigated. The formation of a solid solution 
of the MgO in the spinel was suggested, the surface layer of 
spinel being highly disordered. The role of the hexavalent 
chromium ions was also investigated. The variation of the total 
amount of Cr6 ions with increasing temperature was found to 
pass through a maximum at 1100-500 0C and then rapidly to dec-
rease with further increase in temperature. It was concluded 
from results of total Cr6+  ions and excess positive charges 
that the .majority of the hexavalent chromium ions are not in 
the form of magnesium chromate, but are due to the surface 
oxidation of Cr203. In conclusion, it was considered 
[Haber and Hanumanlu (1969)] that the Cr203 grains are first 
oxidised at the surface to Cr03, the latter then being transported 
to the surface of MgO and then reduced again to Cr 203. The 2 
formation of a thin layer of spinel then takes place by the 
surface reaction on the MgO grains. This product layer then 
grows inward into the grains of MgO, the Cr 203 being transported 
by diffusion of chromium ions through this layer to the MgO/ 
spinet interface, where further reaction proceeds, 
It was noted that in several of these MO - Cr203 systems 
where chromium in higher oxidation state than 3+ is reported, 
the authors have established the identity and quantity of the 
loll. 
Cr042 ions from chemical analysis by dissolving them in 
mineral acids. Although no Chromium (V) compounds have been 
isolated for these metel chroniates, the chemical analysis 
suggested by several authors does not show unequivocally that 
the intermediate reaction product is in fact the chromate (VI). 
Analogy is made on page 3 to the lanthanide chromates (V), 
which are known to be stable in air, and dissolve in acid 
media to yield the cro 2 ion [scholder (195)] 
In a study of the effect of the gaseous medium on the 
interaction of MgO and Cr203 at 950 and 1000C [Leonov (19604]., 
it was found that the quantity of spinet increased with 
increasing concentration of oxygen in the gas phase. In oxygen 
at temperatures above 11.00 0C chemical adsorption of oxygen onto 
Cr20is observed [Weller and Voltz (1954)], as a result of which 
surface oxygen compounds are formed in which chromium has an 
increased valence. The reaction of }1O - Cr203 in varying 
molar compositions (from 5% to 951% Cr203) [Gutachicic et a].. (1966)] 
results in an increase in the percentage chromite with increasing 
chromium content from 5% to a maximum at 50%.. This is followed 
by a decrease in percentage chromite with further increase in 
chromium content. Some chromate was also detected in the reacted 
mixtures,the percentage of Cr6+ being greatest in mixtures 
containing very little cr 203 . [ eutechick et at. (1966)3 also 
found that the active oxygen present in excess of the 
stoicheiometric composition scarcely changed up to 58 pol'epêrcent 
of Cr2O 1 showing that oxidation by atmospheric oxygen takes 
place preferentially on the surface of the solid. It is 
reported that neither Cr203 [Mitani. and Asakura (1965)] , nor 




Phase equilibria studies of the systems MgO - Cr203 - 
020 NiO - 0r203 - 02 and CdO - Cr203 - 02 [Muller et al. (1968)J 
from 4500C to above 850°C, and at oxygen pressures of from 2 
to 3500 atmospheres, revealed two phases for the nickel 
system, NiCrO4 and NSCr2O4. The magnesium and cadmium systems 
were similar to each other in that they had three analogous 
phases, namely the low - temperature O(- MgCrO4 and O(- CdCrO4 , 
the high - temperatvre - tgCrO and - CdCr0 4, and the spinels 
MgCr2O4 and CdCr2O4 ; The cadmium system contained an additional 
phase Cd2CrO5 , which is primitive monoclinic. That only 
hexavalent chromium was present in-the chromates of magnesium 
and cadmium was ascertained by dissolvinG in acid and 
titrating with Fe(NH4 ) 2 (SO 4) 2 ; again this method of determining 
the oxidation state is not unequivocal. It was also found 
that trace amounts of MgCrO 4 play an important catalytic role 
in the formation of spine]., even at temperatures and oxygen 
pressures where MgCrO 4 is unstable; the same is true of the 
cadmium system but not the nickel one. However, no evidence 
was found for any stable crystalline phases of the type 
MgO.Cr02 or Mg2Cr205 reported by Deren and Haber (1966) and bs 
Charcosset at al. (1964) respectively. 
Reaction in the CuO - Cr203 system at temperatures 
below 10000C is reported [Kittel (1935)] to form copper 
chromite, CuCr2O4, by the reaction; 
CuO + Cr 03= CuCr Q 
The reaction is shown, by magnetochemistry, to begin at 700 0C 
and is complete only at high temperatures. The formation 
of CuCr2O4 has also been studied by differential thermal 
analysis [charcosset et al, (1962)] using both well crystal-
lised and amorphous Cr203 .•- In the diase of the well crystal- 
used Cr203 , no thermal effects were observed, and X-ray 
diffraction showed that the mixture is completely transformed 
to chromite at 1000°C. With the amorphous Cr203 , two thermal 
effects were observed. The first thermal effect s exothermic 
[miattachariva and Pamachandran (1957)], corresponds to the 
crystallisation of the Cr203 ; the second thermal effect had 
not been previously observed. The formation of copper chromate 
was proposed [Charcosset et a)., (1962)] to proceed under the 
influence of the excess oxygen present in amorphous Cr203 
according to the equation: 
+ 3 °oxc. + 2 CuO = 2 CuCrO4 
The presence of chromate was verified calorimetrically, and 
their observations were explained as the simultaneous 
crystallisation of Cr203 and formation of CuCrO 4 at 350°C as 
a first step, followed at 5000C by decomposition of the chromate 
and formation of the chromite according to the equation: 
2 CuCrO4 = CuCr2O4 + CuC + 1.5 02 
In a kinetic study of the CuO - Cr203 system [Charcosset et a).. 
(1964)] the formation of copper chromite is reported to be 
autocatalytic, the chromite formed catalysing the decomposition 
of the chromate. The following reaction scheme is put 
forward: 
CuO + Cr203 '-- CuCr2O4 
2Cu0+Cr203+1.502 c >2cuCro4 
2 CuCrO4 	> CuCr2O4 + CuG + 1,5 
in which the chromite formed by reaction (1) catalyses 
reaction (i), which in turn displaces the equilibrium of 
reaction (2) to the right and gives the process its auto-
catalytic character. 
In a detailed study of the interaction of the oxides 
13, 
in the PbO - Cr203 system [Fedoseev and Fedoseev (1966)] it 
was found that lead chromate, PbCrO, could be obtained by 
sintering of the oxides in air, with complete oxidation of the 
chromium of the Cr203 . The formation of the chromate begins 
at 4500C and is completed in the range 450-8000C. The degree 
of subdivision of the PbO and the temperature of the reaction 
have a considerable influence on the rate of formation. of 
PbCrO4. 
In the present work on the Nd203 -. Cr203 system, the 
products are identified and their quantities determined by 
chemical analysis. As already mentioned, the possibility of 
the presence of either the chromate (VI) or the chromate (V) 
of neodymium in a reacted sample makes their determination 
more complicated. Because of this, a considerable proportion 
of the experimental section is devoted to the development of 
a suitable analytical technique. In an attempt to identify 
qualitatively all the reaction products formed in the system, 
considerable work was carried out on comparison of the 
physical properties of the reacted samples with physical 
properties of the known possible reaction products. This teat-
nique is subsequently employed in a detailed study of the 




Standard experimental methods 
In the preparation of the various chromates of neodymium 
and in the study of the reactions carried out a number of 
physical techniques were used, and these are described below. 
The neodymium oxide used was B.D.H. Nd203 of quoted 99.9% 
purity and the green chromic oxide was B.D.H. Laboratory Reagent 
grade.. Both oxides were pre-ignited separately at 1000 0C for 2 
hours before any reaction was carried out. 
For heating up to 1000 °C in air a Gallenkamp electric 
muffle furnace was used, while for heating under any other 
atmosphere at this temperature a Gallenkamp tubular furnace fitted 
with a silica tube was used; both furnaces were fitted with a 
Gallenkamp Pyromaxim electronic controller. For heating in air 
up to 1200°C, a tubular furnace fitted with an Ether Transitrol 
temperature controller was used. 
X-ray powder diffraction patterns were obtained using a 
Philips vacuum sealed X-ray tube in conjunction with a P.W. 1051 
15. 
powder diffractometer. The source 
nickel filter so that only copper 
1.5418R was produced. The samples 
sellotape smeared with a film of 
rate of 2 degrees per minute. The 




instrument w  
target with a 
of wavelength 
on a strip of 
were scanned at a 
s calibrated using 
a silicon disc. The 29 values recorded on the chart paper were 
converted to A spacings and the relative intensity (I/Is) of 
each line calculated with respect to the strongest taken as 100. 
For the measurement of infrared absorption spectra a 
Perkin-Elmer 457 spectrophotometer was used, covering the range 
4000-250 cm'* Both nujol mull and potassium bromide disc 
techniques were used to record the ppectra. Nujol mull spectra 
were recorded using polished potassium bromide plates separated 
by a 0.001 inch lead spacer. Samples for KED disc spectra were 
prepared by mixing ca. 0.5/u by weight of the test material, with 
spectroscopic grade KBr (passing 300 mesh and dried at 14 0° C). 
The mixture was ground thoroughly and pressed under vacuum for 
10 minutes at 10 tons per square inch pressure in a Perkin-. 
Elmer lmw. die. 
Ultraviolet and visible spectra of solids were measured 
in the range 1000-250nm by the diffuse reflectance method using 
a Unicam S.P.500  spectrophotometer with an S.P.540 diffuse 
reflectance attachment in which the sample is mounted below the 
source of monochromatic light, and the light reflected from the 
flat surface of the sample is directed to a photocell by means 
of a spherical mirror. The intensity of absorption is determined 
by comparison of the intensity of light reflected from a non-
absorbing reference sample. In the present work, the reference 
material, used was magnesium oxide [Griffiths et al. (1959)] pre-
viously ignited at 1000°C to remove volatile impurities. The 
magnesium oxide also acts as a diluent for the sample; generally 
0.003 moles of sample is made up to 2g. with magnesium oxide. 
Preparation of the sample and reference involved grinding for 
20 minutes then placing each in a sample holder; excess material 
was carefully removed and a flat, smooth surface obtained using 
a smooth rubber bung. 
Room temperature magnetic susceptibilities were measured 
by the Gouy method using & Newport Instruments 1 inch water-
cooled electromagnet, which allows measurement at different field 
strengths, and a Stanton S.M. 12 semi-micro balance for recording 
weight changes. With this method the sample is placed in a glass 
tube which is suspended vertically between the poles of the 
16. 
magnet so that the bottom of the sample is level with the centre 
of the pole faces.. The sample tube had been previously calibrated 
using mercury (11) tetrathiocyanQcobaltate [Figgis and Nyhoim 
(1958)] which has a gram susceptibility of 16.44 x 16.6 c.g.s, 
units at 2U0C. Susceptibilities and effectivemagnetic moments 




Prnaration, of Teo4ymiva Chromite and Characterisation hi 
Phyatcal Popertes 
Neodymium cbrotdta as prepared by the solid-solid 
reaction of * stiochoioetflc mixture of neody*iu.a ends and 
chromium (III) oxide [Ruggiero and Ferro] according to the 
equation: 
Nd203 •CrO 	> ZNdCtOy 
The reactant oxides were Sanely around together in an 
agate mortar to snazaro complete sizing, then p elletted in 
approximately 0.5g* quantities in a Perkin-Uter 13no die at a 
pressure of 10 tons per square inch for 5 minutes, The pellets 
were placed in a platinum boat and heated in air at iaoo°c for 
30 ninutos, followed by 24 hours at 1000 °C during which time the 
sample was twice removed for re-grinding and re-pelletting to 
ensure cotplet. reaction. After reaction the pellets were finely 
ground and the following physical properties .f the dull green 
neodymium chroite were studied. 
e-rfl powder diffraction data was measured and a Copariuon 
made with the calculated ol spacings. Noodymium Chrosite is ye-
ported [Schneider et al, (1961); Q,uezel-Anbxunaz and Mareachal 
(1965)] to belong to space gro9p P bng  and to have a perovakite 
type structure with...rhonbic deformation; the cell dimensions were 
given as •a 5.425, b 5.478, c 7.694. It is also reported [Ocher 
(1957)] to have can dimensions a 5,412, b 5,4940  C 7.694 and 
belong to space group D16-bnrn' Using the latter celldimens-  
ions, the a spacings for these space groups were calculated 
using the appropriate equation given by 0' ye and Wait (1960) .) and
conditions. for reflection were obtained trots the International 
Tables for Crystallography (1952) • The calculated and tenured 
IM 
19. 
d spacings were found to be in good agreement and an recorded 
in Table A I. 
Magnetic susceptibility of the neodymium chrontite was meas-
ured by the Gouy method for field strengths corresponding to 2p 4 
and GA only, those at B and WA being too high for such a highly 
paramagnetic material, causing the Gouy tube to make contact with 
one of the polo faces of the electromagnet. The mean value cry  . 
the gram susceptibility, was found to be 29.35 x 10 6c.g.s, units, 
giving an effective magnetic moment of 4.12 B.M. at 19 0G. 
Previously recorded [Kirkpatrick (1966)] pert, was 4.21 B.M. 
The infrared absorption spectrum was studied using nujol 
mull and potassium bromide disc techniques (Fig. I). The obrerved 
maxima were in good agreement with the values reported by Darrie 
(196?), and are compared in Table A II, although more bands were 
observed here arising from better resolution Of the S.P. 457 spec-
trophotometer. In particular the absorption bands at 600 cC and 
500 - 420 crC1 have been resolved into two and three bands respect-
ively. The spectrum of chromium (111) oxide was also recorded 
Table Alit and the absorption maxima round to be in good agree-
ment with reported values [McDevitt and Baun (1964)] . 
The ultraviolet and visible diffuse reflectance spectrum was 
recorded (Fig.. II) and the absorption maxima found to be in good 
agreement with previously reported 1 dta..(tTable MV) • The spectra 
of chromium (III) oxide and neodymium oxide were also recorded 
Tables A V and A VI respectively , and are shown in Fig. III. 
These spectra, together with the infrared absorption spectra 
indicated that there was no trace of either component oxide in the 
neodymium chromite. Therefore, the reaction of the two oxides had 
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Development of Analytical Technique 
In order to study the neodymium oxide - chromium (III) 
oxide system, it was necessary to develop an analytical technique 
with which to determine unequivocally the quantities of each com-
ponent, reaction products and starting materials, present in 
any partially reacted sample, namely neodymium chromite, neo-
dymium oxide and chromic oxide from the equation:. 
Nd203 + 	 > 2NdCrO3 . 
Neodymium oxide determination. 
Methods have been described for the determination of the 
soluble lanthanide content of lanthanide chroinates by precipit-
ation as the oxalate [Broadhead and Heady (1960)] at room 
temperature using at least a.2-fold excess of saturated aqueous 
oxalic acid solution, followed by ignition to the oxide [Duval 
(1948)] at ca. 9000G. This method of determination of soluble 
neodymium content was tested on neodymium oxide. Approximately 
0.15g. of neodymium oxide was weighed and dissolved in 20ml. of 
2N nitric acid, and the solution diluted to 200m1, to make it 
O.2N with respect to the nitric acid, heated to boiling and 
then allowed to cool to room temperature. A ca, 3-fold excess of 
a cold saturated aqueous oxalic acid solution was added dropwise, 
with stirring, and the solution allowed to stand for two hours. 
The lilac crystalline precipitate of neodymium oxalate was 
filtered and washed with water on an ashless filter paper. After 
burning off the filter paper the oxalate was ignited to the oxide 
at ca. 9000C until minimum weight was obtained, resulting in 
0.15819. of neodymium oxide being determined from an initial 
quantity of 0.15909. The results obtained were in good agreement 
with the initial quantity, and this method of determination of 
20. 
neodymium oxide was used as the standard procedure throughout 
the experimental work. 
Determination of Nd 0Cr 0-, NdCrO individually in the • 2-3 	 3 
presence of each other. 
Determination of Nd 2Q3 . 
Neodymium chromite and chronic oxide were both found to 
be insoluble in dilute mineral acids such as UC1 and HNO 3 . 
Neodymium oxide was found to be completely soluble in dilute 
mineral acid, and this provided a convenient method of separation 
and determination of £4d 20 in the presence of Cr 203 and NdCrO3 . 
A synthetic mixture of the three components was prepared 
by grinding together weighed quantities of each. Approximately 
0.1g. samples were then weighed and shaken with 25m1. of 2N 
nitric acid for 20 minutes, then filtered through a sintered 
glass crucible (porosity k). The green residue in the crucible 
was washed twice with water, then the crucible and contents were 
dried at 2300C for several hours until no further weight loss was 
observed, and the weight of the residue was obtained. The 
neodymium content of the filtrate was determined as described 
above. The results of the analysis are given in Table I. A and B 
are two separate samples of the same mixture treated exactly the 
same to obtain repeatability of results. The procedure of duplic-
ating the analysis of the sample was followed in all subsequent 
analyses, although duplicate results are only quoted in certain 
cases. 
Attempted separation of NdCrO 3 and Cr203 by acid media. 
Attempts were made to find a suitable acid medium which 
would give complete separation of neodymium chromite and chromic 
oxide. Both compounds were found to be rather inert to acid, with 
21. 
TABLE I 
RESULTS OF SEPARATION OF Nd 0 FROM A MIXTURE OF Nd 0-. 
NdCrO 7 AND Cr 0 
SI 
A B_____ 
INITIALLY DETERMINED INITIALLY DETERMINED 





NdCr03 0.0390g.. 0.0430g. 
chronic ofldete.flg almost totally insoluble in concentrated 
nitric acid;. from a 0.1900g, sample of chronic oxide, 0.1865g. 
was found to be undissolved, even on boiling for several hours. 
The neodymium chromite was a little more soluble, but complete 
dissolution could not be obtained, with 0.11369. undissolved from 
a 0.15049. sample. Neodymium chromite was found to be soluble in 
boiling aqua regia but the chronic oxide, under identical 
conditions,was partially soluble with 0#07159* found to be 
undissolved from a 0.10639. sample leading to incomplete separation. 
C. Oxidation of NdCrO, and Cr 0 
•1 • 
 
Since separation of the two solids was not obtained using 
acid media, a method of oxidising them to chromate (VI) ion, 
crot, was investigated. 	 - 
Potassium bromate is reported [narrie (1967)] as a suitable 
agent for the determination of the total, chromium content of 
].anthanide chronates (V) which undergo disproportionation 
according to the equation [scbolaer (1952)] 
3 Cr0 	+ 3ff 	. 2 crot + Cr3 + 4H20 
by boiling with aOml. of sulphuric acid and ca. 0.49. potassium 
bromate which oxidises the Cr3' to crot which can then be 
determined iodometrically along with the original chromate (VI) 
ion. The potaosium bromate method of oxidation was attempted on 
both solids, To approximately 0.1g. of neodymium chromite were 
added lOOm]., of an acidified aqueous solution of potassium 
bromate, The solution was heated for 1 hour and resulted in 
complete dissolution of the solid to form a yellow solution. 
However it was not found possible to completely remove excess 
potassium bromate even using minimum quantity of potassium 
bromate and boiling the solution with excess ammonium chloride. 
This resulted in a great excess of iodine being formed on addition 
of potassium iodide s rendering the titres meaningless. On 
attempting the oxidation with chromic oxide, incomplete oxidation 
occured, with a considerable amount of insoluble material even on 
boiling for 1 hour. Therefore potassium bromate was unsuitable 
and the possibility of using stronger oxidising agents was 
considered, 
Potassium pyrosulphate, 1(25207.  is reported [vogel(.1961)] 
to be a atronc oxidising agent. Approximately 0.1g. of neodymium 
chromite was mixed with ca. •Lg* of finely around potassium 
pyrosuiphate in a 35m1, nickel crucible which was boated until 
the contents were molten, then for a further 13 minutes. On 
cooling another kg. of potassium pyrosuiphato was added and the 
heati$ repeated to form a solid mass in the crucible. This was 
placed in a covered GOOml. beaker containing lOomi, of water, to 
which a further 300m].. Of water was added after the initial 
reaction had subsided; the solution was boiled for 30 minutes 
when a further 300m1. of boiling water was added. After cooling 
the solution was filtered, yielding a pale yellow filtrate and a 
dark residue. The chromium content of the filtrate was determined 
iodometrically, but only ca. 50 of the calculated quantity was 
23.. 
found, The residue was found to contain some chromium by 
carrying out a potassium bromate oxidation qualitatively, 
yielding a yellow solution. The procedure was repeated on both 
chromic oxide and neodymium chrornite using a greater quantity of 
potassium pyrosulphate and heating it for a greater length of 
time, but again only partial oxidation was obtained indicating 
that potassium pyrosuiphate was not a sufficiently powerful 
oxidising agent. 
Sodium peroxide is quoted [Dinnin (1959); Zagorchev at al. 
(1961); Balyuk at al. (1969)1 as being suitable for bringing 
chromitea into solution. Tests were carried out on neodymium 
dhrornite using the technique quoted by Dinnin. Some difficulty 
was experienced with the nickel crucibles being attacked by the 
sodium peroxide and yielding an interfering green crystalline 
precipitate on addition of excess oxalic acid solution to the 
solution containing the neodymium from the chromite; porcelain 
crucibles were used successfully. Approximately 0.5g. of 
neodysiuri chromite was weighed out into a porcelain crucible and 
thoroughly mixed with 3 - 5 times its weight of sodium peroxide 
and the mixture covered with a layer or sodium peroxide. The 
crucible was heated gently until a red molten mass was obtained. 
After being maintained molten for 2 -3 minutes it was allowed to 
cool and ca. 150w]., of hot water added slowly to it in a covered 
600w).. beaker, After the vigorous reaction had subsided the 
contents of the beaker were transferred to a conical flask and 
boiled for 30 minutes to decompose any remaining peroxide. The 
solution was cooled, filtered through a cintered glass crucible 
( porosity 4 ) and the white residue washed with water. The 
yellow filtrate was acidified with hydrochloric acid and the 
2L.. 
chromium (VI) content determined iodometrically [Vogel (1961)] 
For a sample of 0.05639. neodymium chromite., the determined soluble 
chromium was 0.0120g. compared to the calculated value of 0.0121g. 
.4 blank run on sodium peroxide alone was carried out under 
identical conditions, resulting in a negligible titre. The neo-
dymium, together with some silicate from the porcelain crucible, 
was contained in the white residue in the sintered glass crucible. 
This residue was found to be insoluble in water but soluble in 
concentrated mineral, acids. The sintered Glass crucible was placed 
in a beaker, filled with concentrated hydrochloric acid and left 
overnight. After diluting to ca. 250m1..with water the solution was 
boiled for kO minutes, cooled, and the neodymium content 
determined by precipitation as the oxalate followed by ignition 
to the oxide as described for neodymium oxide determination. 
For the sample of neodymium chromite used, 0.05639., the deter-
mined weight of insoluble neodymium 0.0326g., in good agreement 
with the calculated value of 0.03329. Therefore sodium peroxide 
fusion afforded a suitable chemical method of characterisation 
of neodymium chromite, 
This method of oxidation was then tested on chromic 
oxide under identical conditions.. For a sample of 0.1288g. of 
chromic oxide, the weight determined was 0.08789. chromium, in 
good agreement with the calculated weight of 0.0881g.. Again the 
results were satisfactory, showing the sodium peroxide fusion 
to be a suitable technique for the determination of chromic 
oxide. 
D. Analysis of a synthetic mixture of Nd 0 • CrNdCrO 2- 	3'- 
This  involved the combination of the methods established. 
for neodymium oxide and for neodymium chroniite and chromic oxide 
into one technique. A finely ground mixture containing weighed 
25. 
amounts of the three components was prepared in ca. 1 : 1 ; 1 
ratio. Approximately 0.1g. samples were weighed and analysed for 
the three components. The samples were shaken with 30m1. of 2N 
nitric acid and filtered through an ashless filter, No. 42. The 
filtrate was colourless and its soluble neodymium content deter-
mined by oxalate precipitation. The ashless filter paper containing 
the green residue was burned off in a porcelain crucible and the 
residue fused with sodium peroxide. The chromium content of the 
filtrate and the neodymium content of the residue were determined 
and compared with the calculated values; the results are shown in 
Table II. 
TABLE II 
Soluble Nd203 0 . 0392g. P.0399g. 0.05226.. 0.0527g. 
insoluble Nd. 9.0298g. 0.0300g. 0.0279g. 0.02549. 
insoluble Cr. 10-0348g. 0.03509. 0 . 0469g. 0.0472g. 
These results were in good agreement with the calculated ones, 
and the analytical technique was considered to be suitable for 
the quantitative determination of the components of a partially 
reacted sample. 
Partial Reaction of Nd 3 and Cr2Q3 to 30-70% Completions 
Before any reaction was studied all conditions were 
standardised as far as possible, particularly the grinding of the 
mixture of component oxides. The two oxides were mixed in an 
agate mortar for 10 minutes, divided into small quantities and 
each ground for 3 minutes; the complete batch was then further 
mixed for 5 minutes. Also standardised was the size of the pellets 
26. 
27. 
(0.49.) which were pressed in a Fez-kin-Elmer 13mw die at a pressure 
of 10 tons per square inch for 5 minutes. 
For the conditions necessary to attain the required amount 
of reaction a rough guide was obtained by comparison with 
previously reported data for the formation of copper and magnesium 
chromites [charcosset, t: aX.. (4962} 	by the solid- 
solid reaction of the component oxides. For those two chromites, 
heating at ca. 620°C for 3 - 5 hours in air resulted in ca, 50% 
completion of reaction (Fig.IV). The reaction between neodymium 
oxide and chromic oxide was initially studied under similar 
conditions. A pellettad sample of the 1 ; 1 molar mixture of the 
oxides was heated in air at 620 °C for 3 hours. The pellets were 
then ground finely and samples analysed, showing the material to 
contain only 5% of neodymium chrowite. The reaction was repeated, 
heating at 62000 for 1* hours followed by 31 hours at 660 °C, and 
the results of the analysis are shown in Table III. There was 
ca. 38% of neodymium chromite present, sufficient to give 
reasonable quantities of all three components and give the analysis 
results sufficient significance to check *he technique. 
TABLE III 
soluble Nd203 	0.08739. 
insoluble Cr 	0.03919. 	0.04399. 
insoluble Nd203 0.05389. 
total Nd203 	0.14119. 	0.1421g. 
The chromium content of the residue, containing all the 
chromium in the sample from neodymium chromite and chromic oxide 
28. 
was considerably lower than the calculated value (Tablelli). 
Also, in the filtrate containing soluble neodymium from the 
oxide, a distinct yellow colouration was observed, suggesting 
the presence of chromate (VI) ion in the solution. The yellow 
colour disappeared on the addition of oxalic acid solution. These 
results indicated that in the reaction of the oxides an oxidised 
product was formed with chromium in an oxidation state greater 
than 3t, resulting in some of the chromium of the reacted sample 
being soluble in dilute acid medium to form the (CrO, 2 ) 	ion. . 	aq. 
The only reported chromates of neodymium which would give rise 
to this soluble material are neodymium chromate (VI), N4CrQk)3 
and neodymium chromate (T), NdCrO4 . According to reported work 
both the chromate (VI) [Kirkpatrick (1966)] and the chromate (V) 
[Darrie (1967)] are soluble In dilute acid yielding the (Cr0 2-) 4 aq. 
ion. The neodymium chromate (VI) dissolves in dilute acid while 
the neodymium chromate (V) undergoes disproportionation 
according to the equation [scholder (1952)] 
3CrOt +BH 	 > 2CrO' +Cp3 + 
At this stage the nature of the oxidised product was 
unknown as there was not enough evidence to determine whether it 
was neodymium chromate (VI) or (V)? Reported work [1ubinchick 
et a].. (1968)]  on the lanthanum oxide - chromic oxide system 
sháwed that at lower reaction temperatures, Boo - 4500C, the 
formation of chromite becomes more complex due to the formation 
of an additional reaction product ) lanthanum chromate (VI), 
whose presence was established by chemical analysis and infrared 
spectroscopy. 
By analogy to the lanthanum system, the oxidised product 
formed in the neodymium system was assumed to be chromate (VI) 
29. 
for the purpose of calculations of percentages of products, and 
is expressed as Nd2(CrO)3  in all further relevant tables, diagrams 
and calculations. 
Analysis of a reacted sample containing oxidised material. 
Now that an oxidised product was known to have been formed 
in the reaction at 660°C, further work was carried out on the 
analysis method to include a soluble chromium determination. 
Pellets of the 1:1 molar mixture of the oxides were reacted 
at 660°C for 3f hours in air, finely ground, then analysed as 
before. The filtrate, which contains all the soluble chromium, 
was tested initially for chromium content by iodometric titration 
[Vogel (1961)] before carrying out the soluble neodymium 
determination. All conditions for soluble chromium determination 
were standardised: 
25 ml. of 2N nitric acid were used to dissolve the soluble 
material. 
the weight of potassium iodide added was 2.5g. 
before titration the solution was allowed to stand for 10 
minutes. 
Cd) a blank titre was carried out on the iodine liberated on 
addition of potassium iodide to the acid alone. This titre was 
subtracted from the measured titre to give a net titre due to 
the chromate. The blank titre was established once for each batch 
of sodium thiosulphate. The remainder oJ8 the analysis was unaltered, 
and the results are given in Table IV. 
The analytical results were considerably better than the 
previous ones (Table III), but still lower than calculated 
values, and some modifications, described later, were made 
to the analytical method. Qualitatively, the determination of 
soluble chrowium was carried out successfully, together with 
the determination of soluble neodymium from neodymium oxide 
and neodymium chromate. The determination of the insoluble 
material was not affected by the presence of the chromate. 
Table IV 
soluble tJd2O3 0.0444g. 
insoluble. Nd20 0.0198g. 
total Nd203 0.0642g. 0.0661g. 
soluble Cr 0.00409. 
insoluble Cr 0.01549. 
total Cr 0.01949. 0.02059. 
The formation of neodymium chromate in the reaction 
between neodymium oxide and chromic oxide, possibly took place 
by reaction of the oxides with oxygen according to the 
equations: 
(a) Nd203 + 1.5 Cr203 + 2.25 02 	> Nd2(Cr04 ) 3 
or (b) Nd203 + Cr203 + 02 	> 2 NdCrO4 
Oxygen must have been taken up from some available source 
during the reaction. Since the most obvious source of oxygen 
is the air atmosphere in which the reaction was carried out, 
this possibility was investigated by carrying out the reaction 
in both oxygen-free (argon) and pure oxygen atmospheres. 
Reaction of the Oxides Under Argon Atmosphere 
Pellets of the 1:1 molar mixture of the oxides were 
heated at 660°C for 3 hours under a continuous flow of argon. 
They were then finely ground, and samples analysed. For a 
sample calculated to contain 0.0371g. Nd203 and 0.0114g. Cr 
before reaction, 0.0355g. soluble Nd203 and 0.01149. Insoluble Cr 
only were determined. 
30. 
The absence of any soluble chromium indicated that 
the formation of chromate did not occur in the absence of 
oxygen, and therefore the reaction involves taking up of 
external oxygen in the formation of neodymium chromate from 
the oxides. Also, there was no neodymium chromite present here, 
only starting materials. This suggests that the neodymium chro-
mite was only formed through the chromate by its subsequent 
decomposition after being formed in the reaction at 660 °C in 
air, rather than by the solid-solid reaction of the oxides. 
The infrared absorption spectrum and x-ray powder diffraction 
pattern of this sample show only the presence of starting mat-
erials, in agreement with the analytical results. The infrared 
spectrum is shown in Fig. (IV), and the maxima recorded: 
0 
Table A VII; the measured dA spacings are compared with those 
of the oxides of neodymium and chromium in Table A VIII. 
The reaction under argon atmosphere was repeated at 660 °C 
for 3 hours, and also at 1000 °C for 3 hours. There were no x 
reaction products formed in either case 
Reaction of the Oxides Under Oxygen Atmosphere 
The reaction was now studied at 660 °C for 6 hours under 
a continuous flow of oxygen, and samples analysed. For a sample 
containing 0.03739. Nd203 and 0.0115g. Cr before reaction, the 
quantities determined were 0.03429. soluble and 0.0029g. 
insoluble Nd203 (total 0.03719. Nd209; O.OWOg. soluble and 
0.0081g. insoluble Cr (total 0.0111g. Cr). 	The reaction under 
oxygen atmosphere gae the sans products as in air, with a 
slight increase in the percentage of products formed, 
particularly neodymium chromate. The analysis results were 
In good agreement with the calculated values, and the percentage 
products formed are compared with those found for the same 
31. 
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LR, ABSORPTION SPECTRA OF THE OXIDES, 
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reaction in an air atmosphere. 
oxygen: 21.9% Nd2 (Cr04 )3  ; 7.5% Nd0r03 ; 29.4% total, products. 
air; 	19.216 Nd2(Cr04 ) 3 ; 6.7% NdCr03 ; 25.9% total products. 
The taking up of external, oxygen into the system to 
form the chromate has been established. This results in re- 
calculation of the initial, weights of neodymium oxide and chromic 
oxide before reaction to allow for this "weight gain" in the 
formation of the chromate: 
Nd203 + 1.5 Cr203 + 2.25 02 	> Nd2(CrO4) 3 
Thus for every 1 mole of neodymium chromate (VI) formed, 2.25 
moles of oxygen have been picked up. From the calculated weight 
of neodymium chromate (VI), the weight of oxygen taken up 
is found, and this is subtracted from the weight of the analysis 
sample to give the initial weights of neodyiniuiii oxide and 
chromic oxide. This would help to account for part of the 
small discrepancies between calculated and determined values 
in the analysis of samples containing neodymium chromate. 
Series of Reactions of the Oxides at 660 °C 
In order to check the repeatability of the formation 
of neodymium chromate at 660°C and to observe the effect of 
time on the percentage products formed in the reaction, a 
series of reactions was carried out at 660°C in air for 
t= 3- , 1+, 3, 8, 24 hours respectively. The pellets 
separated by thin platinum foil were heated in a porcelain 
crucible. To comply with the standardisation of conditions C 
described earlier, the weights of the pellets were all within 
the range 0.40209.-O.4031g. After reaction, each pellet was 
finely ground then analysed by the methods described. The 
series of reactions also acted as a check on the analytical 
technique incorporating the soluble chromium determination. 
32. 
The percentages of the products present in each 
sample were determined, and are tabulated in Table V. A and B 
are two samples used to obtain concordancy of analytical 
results, 
Table V 
Variation of Percentage Products with Reaction Time at 6600C 
% Nd2(Cr04 ) 3 % NdCrO3 % Total Products 
t(hr) A B Mean A 13 Mean A B Mean 
3- 6.7 7.0 6.9 1.4 1.6 1.5 8.1 8.6 8.4 
13- 12.9 12.7 12.8 6.6 6.7 6.7 19.5 19.4 19.5 
33- 17.9 17.8 17.9 7.0 7.0 7.0 24.9 24.8 24.9. 
8 17.6 16.6 17.1 24.1 24,5 24.3 41.7 41,1 41.4 
24 15.1 14.9 15.0 51.9 51.6 51.8 67.0 66.5 66.8. 
The effects of time on the percentages of neodymium chromate, 
neodymium chroxnite and total products are represented in Fig. V. 
As shown in Table V. the oxidised product was found to be present 
in each sample. With increasing time, the amount of chromate 
increased to a maximum at around 33- hours; the amount of 
chromite increased continuously over the range of time studied. 
To obtain more data for Fig, V, additional reactions were 
carried out at 660°C for t= 3, 6, 16, 75 hours, and the samples 
analysed. The results are tabulated in Table VI, and represented 
in Fig, V. In general, these additional results fit in with 
the trends described above, but there are discrepancies in 
the percentage products, eg. percentage chromate at t= 3, 33-hr 
and at t= 16, 24hr. These irregularities were attributed to 
the temperature discrepancy on resetting the temperature control 
which was estimated to be 	For this reason, each future 
series of reactions was carried out at one time to prevent the 
33. 
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TABLE VI 
VARIATION OF PERCENTAGE PRODUCTS WITH REACTION TIME AT 6600C 
%Nd2(Cr04)3 	I %NUCr03 	% Total Products 
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16 	12.3 12.6 12.5 44.4 44.5 44.5 
75 	1 3.8 3.7 	3.8 81.8 79.9 80.9  
A 	B 	Mean 
25.9 26.1 26.0 
38.6 39.1 38.9 
56.7 57.1 56.9 
85.6 83.6 84.6 
The analytical data obtained here using the established 
technique gave good results for total neodymium oxide, but the 
total chromium content was generally low, outwith experimental 
error. A specimen of the analysis results is shown in Table VII 
TABLE VII 
SPECIMEN ANALYSIS FOR REACTION AT 6609C FOR 16 HOURS 
soluble Nd203 0.02489. 
insoluble Nd203 000209g. 
total Nd203 0.0457g. 0.04639. 
soluble Cr 0.0021g. 
insoluble Cr 0.0114g. 
total Cr O.t$135g. 0.01439. 
At this stage it was not possible to account for the discrepancy 
by either soluble or insoluble chromium content, although in the 
development of the analytical technique the insoluble chromium 
content had been determined satisfactorily (Table II). It the 
discrepancy does arise from the determination of soluble chromium 
tOn'.) A I) 
7.0 7.4 
* 11.6 11.5 
1 15.9 16.1 
11 17.5 17.5 
2 18.4 17.7 
3 17.3 17.1 
13,3 13.9 
8 12.8 12.2 
18 8.9 9.2 
Mean I A 	B 
7.2 1.3 1.2 
11.6 3.3 3.0 
16.0 4.4 4.4 
17.5 6.2 6.4 
18.1 15.8 15.6 
1702 19,2 20.2 
13.6 37.3 38.1 
12.5 49.5 48.7 
9.1 64.0 63.6 
Mean 	A 	B 	Mean 
1.3 8.3 8.6 
3.2 14.9 14.5 
4.4 20.3 .20,5 
6.5 25.7 23.9 
15.7 3.2 33.3 
19.7 36.5 37.3 
37.7 50.6 52.0 
49.0 62.1 60.9 










then the percentage of neodymium chromate (VI) values will be 
slightly low in Tables V and VI, but the general shape of the 
curves in Fig. V will be the sate. 
.3opAes of Reactions of the Oxides at 6250c 
A further series of reactions was carried out at 67500 
under air atnosphore for t , 1. 1 9 1, 2, 3, &'i3 8, 18 hours 
respectively, and each pellet analysed as with the series at 
6600C, The results of percentage products are tabulated in 
Table VIII, and represented graphically in &g. VI. 
VIII 
VARIATION OF PERCENTAGE PR flit SjjjLTIflE AT 6750C 
% Ud2 (Cr04)3 	N8CrO3 	% Total Products 
.35. 
As with the series at 660°C, oxidised product was present in 
each case, and the results are or the same general trend 
(Figs V and VI)., with the percentage chromate reaching a 
maximum at ca 2 hour, and increasing more rapidly initially, 
due to the higher temperature. The increase in the percentage 
of neodymium chromite follows a trend similar to that at 660 °C, 
with a generally higher amount formed at each reaction time, as 
expected. As with the reactions at 6600C, the analysis results 
9 
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were low in total chromium determination. To further develop 
the analysts, particularly of soluble chromium, tests were 
carried out on neodymium chromate (VI) and chromate (V) and 
on synthetic mixtures of those together with the component 
oxides and neodymium chromite. 
Before these teats could be carried out on the analysis 
of neodymium chromate (VI) and chromate (V) it was necessary 
to prepare them in ca; 100% purity. 
Preparation of Neodymium Chromate (V) and Chromate (VI). 
Neodymium chromate (V) was prepared by the method of 
Schwarz (1963), This involved heating a 1:1 molar mixture of 
neodymium nitrate and chromium (III) nitrate at 600°C under 
oxygen flow. The required amount of neodymium oxide and 
chromium trioxide were weighed in a 1;2 molar ratio. The chromium 
trioxide was dissolved in 5021. of 1:1 hydr'Qchloric acid, and 
the solution heated, with stirring, in an evaporating basin 
on a sandbath until a dark brown paste formed. This was allowed 
to cool, and excess concentrated nitric acid was added dropwise, 
with stirring, until the paste dissolved. The resulting solution 
was evaporated to a dark green paste which, on cooling, was 
dissolved in water. To this solution was added the aqueous 
neodymium nitrate solution, prepared by evaporation of the oxide 
with l;l nitric acid, followed by evaporation to small volume 
twice with water. The dark blue solution containing the 
mixed nitrates was evaporated, with continuous stirring, to a 
dark green viscous solution which was transferred to a platinum 
crcib1e and heated at 3500C to remove water and excess nitric 
acid. As the paste dried and nitro,en dioxide began to come 
off a crust formed on the surface of the material. This crust 
was pierced with a glass rod to allow complete drying of the 
6 . 
paste and to prevent evolution of nitrogen dioxide from spi1lin 
the paste over the top of the crucible. When the crust was seen 
to be turning pale brown round the edge, the crucible was removed 
from the furnace and its contents removed from the sides and 
collected at the bottom of the crucible by means of a glass 
rod. The solid in the crucible was then heated at 600 °C for 
10 hours under oxygen 110w, with removal from the furnace on 
three occasions after 2, 4 and 8 hours respectively for 
regrinding. 
The infrared absorption speàtrum was measured and is 
represented in Fig, VII. 	The absorption maxima are compared 
with reported data [Darrie and Doyle (1967)] in Table A IX and 
found to be in good agreement, although greater resolution of 
the band was obtained here. The X-ray powder diffraction pattern 
was also measured, and the aR spacings calculated and found to 
be in good agreement with reported data [Bertaut et a].. (1964)) 
as shown in Table A X. 
The green crystalline solid was analysed according to.the 
method of Darrie (1967), which involved the use of hydrochloric 
acid only. The chromium content determination was also carried 
out using 2N nitric acid, as with soluble chromium in the 
reacted samples, and the results compared. As described earlier, 
the chromate (V) undergoes disproportionation in acid medium 
according to the equation: 
3 Cr043 + 8 H —> 2 0r0 1 2 + Cr3 + 4 H. 
The chromium content of neodymium chromate (v) may be 
determined by finding the chromium (VI) content of the solution, 
and multiplying by 1.3. 
A. About 0.1g. of neodymium chromate (V) was weighed 








determined iodometrically. Aseparate sample was also 
dissolved in. 30m1. of 2N hydrochloric acid and the neodymium 
content determined by precipitation as the oxalate. A further 
sample was tested for active oxygen content by heating ca. 0.5g., 
to constant weight at 800 °c for 24 hours. The weight loss 
arises from the decomposition reaction: 
NdCrO4 	)'- NdCrO3 + 0,5 0. 
B. The analysis was repeated, but this time the chromium 
content was determined using 25m1. of 2N nitric acid, as with 
the soluble material from partially reacted samples. The 
remainder of the characterisation was the same as A. The results 
are compared in Table IX. 
TABLE IX 
ANALYSIS OF Nd 0rO, 4 USIFC 11C1 AND HNO 7 FOR Cr DETNMINATION 
Hydrocflloric Acid Nitric Acid 
Calculated Determined % Determined % 
Cr 19.98% 19.93% 19.1716 
Nd 55.43% 55.47Y6 55.31% 
0 6.15% 6.14% 6.18% 
From these results, while hydrochloric acid gives satisfactory 
determination of chromium and neodymium contents, the nitric 
acid gives only the neodymium content satisfactorily. The 
reason for the low values of chromium content obtained in nitric 
acid were investigated by treating a sample of chromate (V) 
with sodium peroxide fusion to compare the total chromium content 
of I1dCrO4 with that found in nitric acid. 
Chromium content of NdCrO4 using 2N HNO3 and sodium peroxide 
Approximately 0.2g. of neodymium chromate (V) was 
dissolved in 50m1. of Vi nitric acid, Two 20m1. portions were 
38. 
39. 
measured out, one into a conical flask, the other into an 
evaporating basin. The former was analysed for chromium content 
as before, while the latter portion was heated gently on a 
sandbath until dry. 2 to 39. of sodium peroxide were mixed 
into the residue and this covered with a layer of peroxide and 
heated until molten, then for a further 3 minutes. On cooli4g, 
the fused mass was leached with water, the solution boiled for 
30 minutes ) then filtered through a sintered glass crucible 
(porosity 4) and the filtrate tested for chromium content. 
Analysis using nitric acid and sodium peroxide gave 19.931'0' Cr, 
while nitric acid alone gave 19,27% Cr (calculated 19.932). 
These results indicate that the neodymium chromate (V) determination 
is satisfactory in 2N hydrochloric acid, Whereas in EN nitric 
acid it is not. The sodium peroxide oxidised all the chromium 
in the sample to chromate (VI) which was readily soluble in 
water, resulting in a measured value of percentage chromium 
close to the calculated value. It is possible that in nitric 
acid the chromate (V) is not completely dissolved or perhaps 
the disproportionation i8 incomplete. 
Hydrated neodymium chromate (VI), Nd 2 (Cr04 ) 3 .71120 was 
prepared [Schwarz (1963)] by precipitation from aqueous 
neodymium nitrate solution by adding dropwise, with stirring, 
a 10% excess of sodium chromate solution; the neodymium 
nitrate was prepared as described in the preparation of 
neodymium chromate (V). The resulting yellow suspension was 
boiled for ca. 1 hour and the product filtered off and air 
dried at room temperature for several days. The anhydrous 
chromate (VI) was prepared by dehydration of the hydrated 
material at 300° 0 for 24 hours. 
The infrared absorption spectrum of both the hydrated 
I 
and anhydrous forms were measured and are reproduced in Fig. VIII. 
The absorption maxima are compared with reported values 
Darrie et al. (1966)] in Tables A XI an*l A XII and found to 
bet in fairly good agreement, although with a greater number 
of maxima probably due to the better resolution of the instrument. 
The absorption maxima are in fact in good agreement with those 
reported [Pryde (1971)] for Pr2 (Cr04 ) 3 . The X-ray powder 
diffraction pattern was also measured and the d2 spacings 
calculated and found to be in good agreement with reported 
data [Kirkpatrick (1966)] as shown in Tables A XIII and A XIV. 
The yellow crystalline solid, Nd 2 (CrO 4) 3 .7fl2O was 
analysed according to the method of Darrie, which involved the 
use of hydrochloric acid also using nitric acid for comparison 
of the results of the chromium determination in the two acids. 
The procedure was identical to that for neodymium chromate (V) 1 
while the water of crystallisation was determined from weight 
loss on heating a sample to constant weight at 300 0C for ca. 
24 hours. The results are shown in Table X. 
TABLE X. 
ANALYSIS OF Nd2 (Cr04jfi2O USICG Ml AND HN0 7 FOR Cr DETERMINATION 
Calculated 	Determined 	I Determined 
Hydrochloric Acid j Nitric Acid 
Cr 20.46% 20.31% 2O.10 





16.504 16.374 16.354 
As with neodium chromate (V) 1 the chromium content is satis-
factory in hydrochloric acid, but low in nitric acid although 
to a lesser extent in the case of the chromate (VI). 
Now that the two acids, hydrochloric and nitric, had 







chromates, they were tested on a reacted sample. 
Analysis of reacted samples using both IIC1 and HN0 7 . 
The oxidised product present in the partially reacted 
samples already studied was considered to be either neodymium 
chrómate (VI) or chromate (V), or possibly a mixture or the two. 
With the results obtained for the analysis of noodyrium chromate (V) 
and chromate (VI) it was necessary to study the use of hydroch-
loric acid in the determination of the soluble chromium content 
of the reacted samples,as the analytical results obtained 
using nitric acid were unsatisfactory in total chromium content 
(Table VII). 
A partial reaction was carried out at 66000 fob 8 hours-
in air, and samples analysed by the established technique, but 
using both acids for the soluble chromium content; the results 
are given in Table XI. 
TABLE XI 
ANALYSIS OF REACTED SAMPLE USING 1101 AND HNO3 
FOR S0LUBL Cr DETERMINATION 
A (using 21 .HCl) 	I B (using 2N liMO 
Determined Calculated Determined Calculated 
soluble Nd203 0.02839. 0.02816. 
insoluble Nd203 0.0146g. 0.0142g, 
total dd2O3 0.04299. 	0.04378. 0.04239. 	0.0434g. 
soluble Cr 0.0025g. 0.00206. 
insoluble Cr 0.0109g. 0.0109g. 
total Cr 0.01349. 	0.01359. 0.0129g. 	0.01349. 
Using hydrochloric acild, the total chromium determined is at 
least as close to he calculated value as in the sample using 
nitric acid, althoubh in this case both results are within 
experimental error, in agreement with calculated values. Because 
of discrepancies found earlier using nitric acid, together with 
the results obtained for the analysis of neodymium chromate (V) 
and chromate (VI), hydrochloric acid was used now in he analysis 
technique, and was tested on synthetic mixtures. 
Analysis of synthetic mixtures using 2N 1101 for Cr content 
Synthetic mixtures of neodymium oxide, chromic oxide 
and neodymium chromite. with (a) neodymium chromate (v), (b) 
neodymium chromate (VI) were prepared by weighing ca. 0.56. 
of each component, and grinding them thoroughly to give a 
uniform mixture. Samples were then weighed and analysed fully 
using ZN hydrochloric acid for the soluble chromium content. 
The remMnder of the analysis was exactly as described earlier. 
Results of the analyses are shown in Table XII. 
TABLE XII 
ANALYSIS RESULTS FOR SYNTHETIC MIX2URES OF Nd,03 , Cr2O MdCrO3 
(a) With NdCrO4 (b) With Nd2(0r0 4 ) 3 
Determined Calculated Determined Calculated 
soluble lid 203 0.0526g. 0.0530g. 0.07338. 0.0736g. 
insoluble Nd20; 0.0226g. 0 , 02349. 0.01979. 0.0202g. 
total Nd203 0.0752g. 0.07649. 0.09309. 0.0938g. 
soluble Cr 0.0054g. 0.00559. 0.0102g. 0.01039. 
insoluble Cr 0.3173g. 0.01749. 0.01329. 0 .01349. 
total Cr 0.0227g. 0. 0229g. 0.02349. 0.02379. 
These tests on partially reacted samples and on synthetic 
mixtures established the analytical technique to include the 
determination of soluble chromium content using 2N hydrochloric 
acid, while the remainder Of the analysis was unaltered. 
42. 
To test the modified technique on reacted samples and 
to find whether any further modification was necessary, another 
series of reactions of the oxides was carried out. The only 
remaining deficiency of the analysis method was detected in 
this series of reactions, and the conditions were altered to 
suitably rectify it. 
Series of Reactions of the Oxides at 7000C 
A series of reactions of the oxides was carried out at 
7000C for t 	, , 1, 1, 13, 2, 33, 7, 16 hours respectively 
in air. The pellets were then finely ground and analysed by 
the modified technique. The determined values were compared 
with calculated ones to check the analysis method. In every 
case, the total chromium observed was in good agreement with 
the calculated value. However, in several analyses the measured 
total neodymium oxide was considerably greater than the 
calculated value. In these cases it was found that on allowing 
the solution to stand for 2 hours or more after addition of 
oxalic acid, a white crystalline precipitate began to form along 
with the lilac neodymium oxalate. For example, with the analysis 
of the mixture of oxides heated at 700°C for 	hour,in a 
sample calculated to contain 0.0600g. Nd 203 and 0.0186g. Cr 
before reaction, the determined quantities were 0.06049. Nd203 
and 0.01839. Cr. Here the oxa4ic acid had been added to the 
filtrate after the soluble chromium determination as in the 
series at 6600C and 675°C. Since in the characterisation of 
the two prepared chromates, the soluble neodymium and chromium 
contents were determined using separate samples, this was 
attempted here. All the analyses were repeated using two 
separate samples. The first was analysed by the established 
technique for soluble chromium content of filtrate and insoluble 
chromium and neodymium contents of the residue. The second was 
4,. 
44. 
shaken with 25ml. of 2N nitric acid, filtered, and the filtrate 
tested for soluble neodymiuni content by the oxalate precipitation 
method. All the analyses results were good, with no irregularities, 
eg, for a sample calculated to contain 0.0518g. Nd 203 , the 
determined amounts were 0.0472g. soluble and 0.00389. insoluble, 
giving a total of 0.05109. Nd20 7 . This technique was further 
tested on a synthetic mixture of the two oxides together with 
neodymium chromite and neodyflum chromate (V). Results are 
shown in Table XIII. 
TABLE XIII 
ANALYSIS OF SYNTHETIC MIXTURE (Cr2O3 Nd203 . NdCrO3 . NdCrO 
BY FINAL TECHNIQUE USING SEPARATE SAMPLE FOR SOLUBLE Nd. 
Component 	I Determined Calculated 
soluble Nd20 	0.03119. 	0.0315. 
insoluble Nd203 0.0156g.. 	0.0161g. 
soluble Cr 	0.00339. 	.0.00339. 
Insoluble. Cr 	0.01139. 	0.01149. 
Therefore, the finalised technique using a separate sample 
for the soluble neodymium content, gaveci satisfactory results 
for the synthetic mixture, as well as the reacted samples. The 
series of reactions also allowed a comparison of the amount 
of products formed with time at 700°C with the amounts formed 
in the series of reactions at lower temperatures, 660 and 
675°C. The results of percentage products with time are tabulated 
in Table XIV and represented graphically in Fig. IX. 
Now that the analytical method had been finalised, a 
check was made on any ambiguity involved in the source of each 















VARIATION OF PERCENTAGE PRODUCTS WITH TIME AT 700°C. 
% Nd2(Cr04 ) 3 % NdCrO3 % Total 
t(hw.) A B Mean A B Mean A B Mean 
8.8 8.8 8.8 7.3 7.1 7.2 16.1 15.9 16.0 
3 11.7 11.6 11.7 12.5 12.1 12.3 24.2 23.7 24.0 
1- 11.6 11.5 11.6 17.0 16.1 16.6 28.6 27.6  28.1 
1 13.0 13.1 13.1 21.1 19.7 20.4  34.1 3.0 33.6 
13 14.1 14.2 14.2 25.0 25.1 25.1 39.1 39.3 39.2 
2 16.0 16.4 16.2 28.3 28.0 28.2 44.3 44.4 44.4 
33 16.4 16.3 16.4 35.6 35.1 35.4 52.0 51.4 51.7 
7 13.8 14.0 13.9 52.5 51,8 52.2 66.3 65,8 66.1 
16 4.3 4.3 4.3 80.0 80.1 80.1 84.3 84.4 84.4 
Further Investigation of Analytical Technique. 
This was necessary to identify unambig uously the 
source of an the components determined in the final analytical 
technique. It involved tests on: 
NdCrO3 alone 
Synthetic mixture of lid 203 , Cr203 , NdCrO3 
Synthetic mixture of Cr203 , Nd203 , NdCrO4 
(a) Synthetic mixture of NdCrO3 , Nd203 , Cr203 , NdCrO4 
The analytical results of these tests are shown in Table XV. 
The results of the synthetic mixture of the oxides with neodymium 
chromite and neodymium chromate (VI), as well as the mixture 
containing chromate (V) 1 both carried out using one sample 
only but with atisfactory results, were given earlier in Table XII. 
The analytical data obtained from the analysis of samples (a) 
to (d) allowed the following conclusions to be made. No 
soluble chromium was found in samples. (a) and (b), showing 
that neither chromic oxide nor neodymium chromite give rise 
45. 
TABLE XV 




NdCrO3 , Cr203 , 
Nd2O3 . 
.C.Synthetic Mixture 
NdCrO4 , Cr203 , 
Nd203 . 
D.Synthetic Mixture 
NdCrO3 , Nd203 , 
NdCrO4 , Cr203 .. 
Observed Calculated Observed Calculated Observed Calculated Observed Calculated 
soluble 
Nd203 - - 0.02499. 0.0252g. 0.0762g. 0.07729. 0.03119. 0.03159. 
soluble 
Cr - - - - 0.0052g. 0.00539. 0.00339. 0.00339. 
Insoluble 
Cr 0.01549. 0.0156g. 0.01379. 0.01389.  0.01839. 0.0186g. 0.01139. 0.01149. 
insoluble 
Nd203 0.0 14279. 0.04349. 0.01929. 0.01949. - - 0.0156g. 0.0161g. 
0' 
to a soluble chromium determination. Therefore in (c) and 
(d) the soluble chromium must have come from neodymium chro-
mate (V) only and since determined and calculated values 
are the same,showing all the chromium of the chromate (V) 
to be determined as soluble material then there is no possibility 
of insoluble chromium coming from neodymium chromate (V). In 
sample (a), there is no soluble neodymium, ruling out the poss-
ibility of soluble neodymium coming from neodymium chromite. 
Sample (c) Indicated that insoluble neodymium is not determined 
from neodymium oxide or neodymium chromate (V), and results 
for sample (a) and (d) showed that only neodymium çhromite 
gives rise to an insoluble neodymium determination. The results 
given in Table XII for the synthetic mixture of the oxides 
with neodymium chromite and neodymium chromate (VI) show that 
the same arguments apply to the chromate (VI) as to the 
chromate M. 
Therefore all the results in Tables XV and XII were 
completely satisfactory and showed unequivocally the source of 
each determined component of the finalised analysis technique. 
The analytical method had now been fully tested and found to 
be suitable for a complete analysis of reacted samples containing 
neodymium oxide, chromic oxide and neodymium chromite together 
with either neodymium chromate (VI) or chromate M. 
Having established the analytical technique, the effect 
of temperature and reaction time on the percentage of products 
was studied in greater detail. 
Series of Reactions of the Oxides at Various Temperatures. 
Reactions were carried out at temperatures of 630, 650, 
680, 685 and 720°C by heating pellets of the 1:1 molar mixture 
for varying lengths of time at each temperature. The pellets 
47. 
48. 
were then finely ground and samples analysed fully. The results 
of percentage products and percentage reaction of neodymium 
oxide are shown in Tables XVI to XX. For each percentage of 
products determined in these reactions, the experimental error 
was calculated. Standard experimental, errors were:- 
1.) Weighing readings of + 0.0001g. 
Burette readings of ± 0.Olml. 
End-point error of 0.08m1. for sodium thiosuiphate of 
Ca. 0.025W. 
The errors in percentage products were calculated for the two 
extreme cases of weights and titres; e.g. for sample reacted at 
650°C for 4 hours, percentage neodymium chromate (VI) = 13.6 , 1.0% 0  
percentage neodymium chromite = 14.0 , 0.6%. The numerical value 
of the percentage error was generally within the range + 1.0%, 
but varied slightly depending on the weight of sample analysed. 
The experimental error in the percentage reaction of neodymium 
oxide was also determined, and was generally in the range + 1.5 
to - 2.0%, again depending on the size of sample analysed. 
A specimen calculation of percentage reaction of neodymium 
oxide, with errors, is given below for the reaction at 685 °C 
for lj- hours. 
initial quantity of Nd20 	 = 0.0001494 moles 
titre, arising from Nd2(Cr04 ) 3 	 0,0000159 moles 
insoluble Nd203 , from NdCrO3 	 0.0000309 moles 
therefore total Nd203 present as products 0.0000468 moles 
therefore % Nd203 reacted = 31a33 
errors: 
initial quantity of Nd203 = 0.0001494 + 0.0000006 moles 
maximum titre 	 a 0.0000165 moles Nd203 
49- 
minimum titre 
	 = 0.0000151 moles Nd203 
maximum NdCrO3 	 = 0.0000515 moles Nd203 
minimum NdCrO3 	 = 0.0000302 moles Nd203 
therefore max. total Nd203 reacted = 0,0000480 moles 
= 32.21% max. Nd203 reacted 
mlxi. total Nd203 reacted = 0.0000453 moles 
* 30.24% Nd203 reacted. 
therefore percentage reaction of M203 = 31.53 .± 
TABLE XVI 
ru 
VARIATION OF PERCENTAGE PRODUCTS WITH TIZW AL  b.)U L 
% Nd2(CrO4) 3 % NdCrO3 % Total Products % Nd203 
reacted 
t(hr) A B Mean A B Mean A B Mean 
5.8 5.6 5.7 - - - 5.8 5.6 5.7 4.4 
1 9.4 9.3 9.4 - - - 9.4 9.5 9.4 7.3 
2 13.0 15.0 13.0 1.0 1.0 1.0 14.0 14.0 14.0 11.1 
3 14.6 14,1 14.4 1,5 1.5 1.5 16.1 15.6 15.9 12.6 
4 17.4 17.1 17.3 2.1 2.1 2.1 19.5 19.2 19.4 15.5 
5 18.0 17.8 17.9 3.5 5.8 3.7 21.5 21.6 21.6 17.7 
6 20.2 19.7 20.0 4.1 4.6 4.4 24.1 24.3 24.2 20.0 
8 21,8 21.3 21.6 6.0 6.0 5.0 27.8 27,3 27.6 23.1 
113 22.6 22.7 22.7 8.7 8.9 8.8 31.3 31.6 31.5 26.9 
27 18.1 18.8 18.5 32.4 52.7 32.6 50.5 51.5 51.0 47.7 
For the reaction at 630°C, the variation of percentage 
products with time followed the same general trend as the 
reactions at t= 660, 675, and 7000C, with the percentage of 
neodymium chromate increasing to a maximum and then decreasing 
with further increase in time. The time at which the maximum 
percentage of chromate occurs is considerably greater at the 
higher temperatures. The percentage of chromite Increased 
continuously from t= 2 hours, with no trace of any chromite 
at lower reaction times, 
TABLE XVII 
% Nd2 (Cr04 ) 3 4 NdGrO3 % Total. Products 4 Nd2O3 
reacted 
t(hr) A B Mean A B Mean A B Meah 
3 8.3 74 7.9 - - - 8.3 7.4 7.9 6.1 
1 1.0 11.9 1.0 0.7 0.8 0.8 12.7 12.7 12.7 10.0 
2 1517 15.6 15.7 4.0 3.8 3.9 19.7 19.4 19.6 16.4 
3 17.6 16.8 17.2 9.7 10.0 9.9 27.3 26.8 27.1 23.5 
4 18.6 18.6 18.6 14.0 15.9 14.0 52.6 32.5 32.6 28.8 
5 18.8 18.9 18.9 17.5 17.7 17.6 36.3 36.6 .56.5 32.6 
8 18.2 18.2 18.2 24.1 23.9 24.0 4.2.3  42.1 42.2 38.8 
12. 16.5 16.6 16.6 34.4 34.6 34.5 50.9 51.1 51.0 48.1 
24 14,9 14.8 14.9 49.2 49.5 49.4 64.1 64.3 64.2 61.8 
TABLE XVIII 
VARIATION OF PERCENTAGE PRODUCTS ?JITU TIME AT 680°C 
A Nc12 (erU4 ) 3 % NUCrO3 4 Total Products 4 Nd203 
reacted 
t(hr) A B Mean A B Mean A B Mean 
6.9 7.3 7.1 - - - 6.9 7.3 7.1 5.5 
3 10.7 11.8 11.3 0.8 0.5 0.7 11.5 12.3 11,9 9.2 
1 13.9 12.9 13.4 3.8 3.9 3.9 17,7 16.8 17.3 14,3 
1 16.6 16.6 16.6 4.4 4.4 4.4 21.0 21.0 21.0 17.5 
13 18.1 18.2 18.2 8.1 8.1 8.1 26.2 26.3 26.3 22.4 
2 18.8 18.5 18.7 13.9 14.0 14.0 32.7 32.5 32.6 28.9 
3 15.8 15.1 15.5 24,4 24.7 24.6 40.2 39.8 40.0 37.0 
5 15.2 - 15.3 15,3 29.2 29.6 29.4 44.4 44.9 44.7 41.8 




% Nd2 (Cr04) 3 1 	% NdCr03 	% Total Products % 
reacted 
t(br) 	A 	B Mean 	A 	B Mean 	A 	B Mean 
* 8.4 8.4. 8.4 - - 8.4 8.4 8.4 6.6 
1 10.8 11.3 11.1 7.3 6.7 7.0 18.1 18.0 18.i 15.7 * 11.4 12.3 11.9 12.1 11.8 12.0 23.5 24.1 23.8 21.3 
1 13.3 13.2 13.3 13.8 14.1 14.0 27.1 27.3 27.2 24.6 
1* 13.6 13.9 13.8 20.4 19.6 20.0 34.0 33.5 33.8 31.1 
21 14.6 15.1 14.9 28.2 29.0 28.6 42.8 44.1 43.5 40.6 
41 15.5 15.6 15.6 36.5 37.5 37.0 52.0 53.1 52.6 49.9 
6 14.1 13.9 14.0 46.4 47.2 46.8 60.5 61.1 60.8 58.4 
10 13.2 13.5 13.4 54.9 54.1 54.5 68.1 67.8 68.0 65.9 
20 11.4 11.6 11.5 63.8 64.5 64.2 75.2 76.1 75.7 73.9 
VARIATION OF P 
% Nd2 (Cr04) 3 
t(hr) 	A 	B Mean 
* 	8.4 8.3 8.4 
* 10.2 9..9 10.1 
1 11.0 11.0 11.0 
1 	1264 12.2 12.3 
13- 13.4 13.4 13.4 
2 	12.4 12.8 12.6 
3 	12.1 12.3 12.2 
5 	8.8 8.? 8.8 




A 	B Mean 
8..9 9..1 9.0 
15..9 16..8 16.4 
22.7 22.9 22,8 
25.9 26.5 26.2 
31.2 31.5 51.4 
36.3 36.8 36.6 
41.1 41.6 41.4 
54.5 54.1 54.3 
60.9 60.9 60.9 
FS WITH TIME AT 7200C 
% Total. Products % Nd203 
- reacted 
A 	B Mean 
17.3 17.4 17.4 15.6 
26.1 26.7 26.5 24.4 
33.? 33.9 33.8 51.6 
38.3 38.7 38.5 36.2 
44.6 44.9 44.8 42.2 
48.7 49.6 49.2 46.9 
	
53.2 53.9 53.6 	51.6 
63.3 62.8 63.1 	61.6 
69.6 69.6 69.6 	68.3 
(0 
The variation of percentage products with time for each 
reaction temperature is represented in Figs X to XIV. Figs XV 
to XVIII show a comparison of the variations of percentage chro-
mate (vi), percentage chroniite, percentage total products and 
percentage reaction of neodymium oxide respectively with time 
at each temperature studied. The general trends mentioned earlier 
for t= 630°C hold for all of the reactions represented in 
Figs X to XIV, with variations of rate of formation of products 
and the time at which. maximum percentage chromate occurs. 
Generally, with increasing temperature the rate of formation 
of products increased steadily. 
In the reactions studied in the temperature range 630-
7200C, because the effects of increasing temperature on the 
reaction of the oxides was to increase the rate of formation 
of products, the reaction was now studied at temperatures 
greater than 720 °C. Also, in the reactions studied so far, 
neodymium chromate has been detected, along with neodymium chro-
mite and starting materials, while in the preparation of neod-
ymium chromite in ca. 100% purity, the conditions of reaction 
differed only in reaction temperature and in regrinding of 
the pellets. This too led to a study of the reaction of the 
oxides' at temperatures greater than 720 	The reaction was 
studied in the temperature range 950-760°C, and the effects 
of temperature and time of reaction on the products formed 
was determined. 
Series of reactions of the oxides at 760 °C 
Pellets of the 1:1 molar mixture of oxides were heated 
at 760°C for t= is 3, 1, 13-, 2, 3, kf, 7, 15 hours respectively. 
The results of percentage products and the calculated percentage 
of reaction of neodymium oxide are given in Table XXI, nd 








































































































A nrtnal flfl nr'nn1Mn Ant' flnflflTtflrTtC sutmu 111T1W Arm 
t(hr) 




% Total Products 
- 
% Nd 0 
reace - 
A 	B 	Mean A 	B 	Mean A 	B 	Mean 
4.8 4.9 4.9 22.5 22.2 22.4 27.3 27.1 27.2 26.2 
fr 4.9 4.7 4.8 36.1 36.0 36.1 41.0 40.7 40.9 39.9 
1 4.7 4.7 4.7 43.6 43.8 43.7 48.3 48.5 48.4 47.6 
11- 3.7 3.6 3.7 50.1 50.5 50.3 53.8 54,1 54.0 53.3 
2 3,2 2.9 3.1 55.2 55.2 55.2 58.4 58.1 58.3 57..8 
3 2.4 2.6 2.5 62.3 62.4 62.4 64.7 65.0 64.9 64.5 
41 1.6 1.4 1.5 67.7 68.1 67.9 69.3 69.5 69.4 69.2 
7 0.8 0.7 0.8 75.9 76.2 76.1 76.7 76.9 76.8 76.6 
15 - - 85.9 86.6 86.3 85.9 86.6 86.3 86.8 
The maximum amount of neodymium chromate was found at t= hour, 
with the percentage of neodymium chromite much greater than at 
7200C for t= hours. This suggested much more rapid formation 
of the chromate at 760°C, followed by a more rapid decomposition 
to the chromite; the probable formation of the chromite through 
the chromate was established earlier by the results of the 
reaction of the oxides in an argon atmosphere. The effect of 
reaction time on the formation or products was otherwisc 
similar to that observed at the lower temperatures with the 
amount of chromite increasing steadily with time. 
Reaction of the oxides at T= 760, 800, 840. 880°C for 1 hour 
With the increase of temperature from 720 to 7600 C 
considerably decreasing the amount of chromate present, reaction 
of the oxides was then studied at 760, 800 1 840,  880°C for 
t= 1 hour, and the results compared with those obtained at 
lower temperatures for t= 1 hour. The results are tabulated 
53. 
in Table XXII, and represented graphically in Fig. XX. 
TABLE XXII 
EFFECT OF TEMPERATURE ON REACTION OF THE OXIDES FOR 1 HOUR. 
% Nd2 (cO4 ) 3 % NdCrO3 % Total Products 
A B Mean A B Mean T(0 C) A 	B 	Mean 
880 - - - 30.9 30.8 30.9 30.9 31.8 30.9 
840 0.2 0.3 0.3 28.4 28.7 28.6 28.6 29.0 28.8 
800 1.2 1.2. 1.2 40.8 38.9 39.9 42.0 40.1 41.1 
760 5.1 5.0 5.1 48.4 47.4 47.9 53.5 52.4 53.0 
720 12.4 12.2 12.3 25.9 26.5 26.2 38.3 38.7 38.5 
700 13.0 13.1 13.1 21.1 19.7 20.4 34.1 32.8 3.5 
680 16.6 16.6 16.6 4.4 4,4 4.4 21.0 21.0 21.0 
650 12.0 11.9 12.0 0.7 0.8 0.8 12.7 12.7 12.7 
630 9.4 9.3 9.4 - - - 9.4 9.3 9.4 
Having reached a maximum at 680°C, then decreased steadily 
to 760 CC, the percentage of neodymium chromate further decreased 
to 1.2 at 800°C, with only a trace found at 84000  and none 
at 880°C. However, with the neodymium chromite the expected 
continued increase from 760°C with increasing temperature did 
not occur and in fact decreased considerably from 76000  to  84000, 
followed by a slight increase from 840 to 880°C. 
This effect of temperature around 800°C causing a decrease 
in the total products formed was investigated further and the 
reaction of the oxides at temperatures Fxeater than 880°C was 
now studied. 
Reaction of the oxides at temperatures in the range 840 to 950°C 
for 1 haur. 
A series of reactions of the oxides was carried out at 












VAROATON OF PERCENTAGE PRODUCTS 
WITH TEMPERATURE, REACTION TIME. IHR. 
Tern peraturcd°C) 
in Table XXIII, and represented graphically in Fig. XXI. 
TABLE XXIII 
EFFECT OF TEMPERATURE (840-950°C) ON THE REACTION 
OF THE OXIDES FOR 1 HOUR. 
% Nd2(Cr04) 3 	% NdCr03 	% Total. Products 
T( °C) A 	B Mean 	A 	B Mean 	A 	B Mean 
950 - 	 - 	 - 36.7 35.9 363 36.7 35.9 36.3 
930 - 	 - 	 - 35.3 34.4 34.9 35.3 34.4 34.9 
900 - 	 - 	 - 30.4 31.9 31.2 30.4 31.9 31.2 
880 - 	 - 	 - 31.1 30.2 30.7 31.1 30.2 30.7 
840 0.1 	0.1 	0.1 29.9 30.2 30.1 30.0 303 30.2 
The results obtained for this series of reactions show a 
gradual, steady increase in the percentage of chromite from 
840 to  9500C. This trend i4 in agreement with that shown by 
the results in Table XXII for 840, 880°C. Earlier work on the 
oxides under oxygen and argon atmospheres showed that an oxidised 
product was formed initially in the reaction, and the ch.romite 
was formed by subsequent decomposition of this chromate, even 
at 10000C. The results obtained in the temperature region 760 
to 9500C suggest, by virtue of the marked decrease in percentage 
total products from 760 to 840°c, followed by a slow increase 
above 84000,  that the rate of formation of the chromate is 
reduced considerably around 800°c, and only increases very slowly 
with further increase in temperature; it also suggests that the 
rate of the decomposition reaction may not have been affected.. 
These results would suggest that a change in reaction mechanism 
may take place at ca. 800°C. 
Since the reaction mechanism appeared to have changed 
at ca. 800°c a series of reactions similar to those carried out 
5,. 










VARIATION, OF PERCENTAGE PRODUCTS 
WITH TEMPERATURE(840956C) FOR I HR. 
Temperature(°C) 
at lower temperatures was studied at 9000C to see if the 
effect of reaction time on the percentage reaction was 
different. 
Series of reactions of the oxides at 900 0 C. 
Pellets of the 1:1 molar mixture of the oxides were reacted 
at 9000C for t= 1, 3, J, 1 0  13, 2, 23, 3, 4, 5 hours respectively. 
They were then finely ground and analysed by the final 
analytical technique. The results are tabulated in Table XXIV 
and represented graphically in Fig. XXII, At any at the readtion 
times studied, there was no trace of any oxidised material. 
TABLE XXIV 
VARIATION OF PERCENTAGE PRODUCTS WITH TIME AT 900 0C 
I 	% NdCr0, 	I 	Nd.,0., reacted 
	
t(hr) I A 	8 Mean 
18.8 18.2 18.5 18.5 
* 21.5 21.4 21.5 21.5 
* 23.7 23.8 23.6 23.6 
1 26.6 26.0 26.3 26.3 
13 28.5 28,9 28.7 28.7 
2 29.2 29.5 29.4 29.4 
23 30,1 30.7 30.4 30.4 
3 31.4 31.6 31.5 31.5 
4 32.9 33.0 33.0 33.0 
5 34.0 34 1 8 34.4 34.4 
The main features of the results obtained at 900 0C are 
the relatively high amount of chromite present at t= hour, 
and the gradual continuous increase from t= 4 hour to t= 5 hour. 
The general trend of percentage products with time shown in 
Fig. XXII is fairly similar to the trend of percentage total 










than to the percentage chromite with time, although only the 
chromite was present in the reactions at 9000C. 
Therefore these results suggest that the chromate has 
probably been formed less rapidly than at temperatures around 
760, 720°C, where percentage total products are greater for any 
given time, but has undergone very rapid decomposition as soon 
as it has been formed, resulting in only the chroraite being ' 
found in the sample. 
57. 
Identification of the Oxidised Product Formed in the Reaction 
of the Oxides. 
Having established the presence of an oxidised product • 
of the reaction between the oxides in the temperature range ) 
800 to 6300C, and an4 analytical technique for the determination 
of all components of the reacted samples, including the soluble 
chromium content of this oxidised product, it was now necessary 
to determine the nature of this oxidised material. 
The results obtained by the analytical technique gave 
values of chromium content in good agreement with the 
calculated values, based on the assumption that the oxidised 
product was neodymium chromate (VI), e.g. results for reaction 
of the oxides at 660°C for 8 hours shown in Table V. This fact 
suggests that the chromate (VI) is the oxidised mterial since, 
if it were chromate (V) 0 the lodometricafly determined chromium 
would only represent 2/3 of the total soluble chromium, and in 
the example mentioned above this would mean total chromium 
determinedi.e. measured soluble Cr a 1.5 plus measured in-
soluble chromium, was 0.01499., outwith experimental error 
limits of the calculated value of 0.01559. 
Thus, the analytical data gave an indication of the 
nature of the oxidised product, but more conclusive evidence 
was required. 
Attempted identification of the oxidised product by 
physical methods. 
The physical properties (X-ray powder diffraction, 
magnetic susceptibilities, infrared absorption spectra and the 
ultraviolet and visible spectra) of several reacted samples 
were studied and compared with those of the known components 
and neodymium chromate (VI) and chromate (V). The reacted 
58. 
samples chosen were ones known, frOmthe analytical data, to 
contain a significantly large quantity of the oxidised material. 
X-ray powder diffraction patterns were measured but did 
not give conclusive evidence about the components of the partially 
reacted sample because the lines were often weak and in some 
cases indistinguishable from the background. The samples 
whose diffraction patterns had more intense lines suggested 
the presence of neodymium chromate (VI). However, they did 
not rule out the possibility of the chromate (V) being preseztt, 
although the absence of the line of maximum intensity suggests 
the presence of the chromate (VI) only. The observed d 
spacings of a reacted sample (650°C for 5 hours) are shown in 
Table XXV, together with the measured dl spacings of the two 
oxides, neodymium chromite and neodymium chromate (VI) and 
chromate M. Generally., all the powder patterns of reacted 
samples which showed lines of reasonably intensity were fa1r4y 
similar, each pattern differing mainly in the relative intensity 
of its lines of reflection; this is a common feature in X-ray 
powder photography of solids. The figures in brackets in 
Table XXV denote the relative intensity of each line within 
each pattern. 
The lines of maximum intensity for chromic oxide, 
neodymium oxide and neodymium chromate (VI) are all observed 
in the d spacings of the reacted sample. The line of maximum 
intensity for neodymium chromate (V) and neodymium chromite 
are not observed here, but the latter is observed in the 
patterns of samples reacted at high temperatures. The 
spacings for samples reacted at high temperature (Table XXIII) 
are given in Tables A XV to A XIX. One of the two lines of 




COMPARISON OF OBSERVED dR SPACINGS OF A REACTED SAMPLE WITH 
Ada 	 4 (Cr0 )7 NdCrO • NdCrO 7 . Nd 0, AND Cr 0 
Reacted 
Sample 650°C 





3.71 ( 54) 
3.66(54) 3.65(100 ) 3.63(66 
3.57(73) 
3.21(60) 3.35(30) 













1.933(12 ) 1.926(33) 1.926(37) 
1.873(52) 1.870(13) 
1.824(18) 
a 2.814, could only possibly be assigned to the neodymium 
chromate (VI) line at 2.8851. Therefore, X-ray powder diffraction 
data did not conclusively identify the oxidised product. 
The magnetic susceptibilities of neodymium oxide, chromic 
oxide and neodymium chrouiite were measured and found to be 30.46, 





recorded values for neodymium chromate (V) [Darrie (1967)] and 
neodymium chromate (VI) [Kirkpatrick (1966)] were 24.13 and 16.36 
x 10"'6c,g.s. units respectively. A reacted sample (66000  for 
8 hours) was analysed by the final technique, and its magnetic 
susceptibility measured. From the weight of the sample used 
to record the susceptibility, the weights of each component 
present were calculated from the analytical data. Two sets of 
results were obtained, based on the assumptions that the 
oxidised material was a) neodymium chromate (VI), b) neodymium 
chromate (V) 1 giving two calculated values of susceptibility. 
The measured susceptibility was then compared with the two 
calculated values, and found to be almost midway between them. 
The measured value was 27.19 x 10' 6c.g.s. units, while the 
calculated values were 27.39 x 10 6c.g6s. units assuming neodymium 
chromate (V) 1 and 26.78 x 10 6c.g.s. units assuming neodymium 
chromate (Vt) as the oxidized material. This measured value 
of susceptibility of the reacted sample i8 in agreement with 
both calculated values, within experimental error for the 
analytically determined weights of each component. 
In summary, the magnetic susceptibility .did not give, 
any further evidence concerning the identity of the oxidised 
product. 
Infrared absorption spectra of several reacted samples 
were recorded. A comparison of the absorption maxima for 
the series of samples reacted at 660°C is made in Table XXVI, 
showing the effects of reaction time on the spectra due to 
variation of the components of the samples. As with the x-ray 
powder diffractionnpatterns, they were all fairly similar for 
samples reacted at one temperature, differing only in relative 
intensity of the bands on each spectrum. This same effect was 
61. 
found with the spectra of samples reacted at other temperatures 
in the range 630 to 760 °C. The spectrum of a reacted sample 
(6600C for 8 hr.) is represented in Fig. XXIII, and its absorption 
maxima are compared with the maxima of the known possible 




930w. 925m. 925s. 925s, 925se 928s. 926m. 928m. 925w, 
886m. 885s. 884va. 885va. 885vo. 888vs. 885s. 8886. 886m. 
868m. 868s. 867s. 8678. 867vs. 868vs. 866s. 868s. 867m. 
842w. 842m. 842m. 842m. 81e2s. 843s. 842m. 843m. 842w. 
8005h. 	800ah. 800sh. 8008h. 
62. 
682sh. 680sh. 
6238. 620$. 6178. 615s. 6138. 6128. 
570s. 5680. 568s. 568s. 579va. 580vs. 
510w. 500sh. 510sh. 
495w. 495m. 495m. 495m. 
460m. 460m. 
440w. 440sh. 440sh. $ 	 441sh. 
420m. 420w. 420m. 421s: 
413w. 411w. 	 411w. 
/ 	 400sh. 400ah. 400sh. 400sh. 
7 385w.. 385w. 385w. 385w. 385w. 
375w. 
350w. 350w. 350w. 350w. 360w. 
330w, 335w. 334w. 329w. 330w. 
315w. 316w. 316w. 
6158. 615s. 616va. 
582vs. 583va. 586ve. 
492m. 492w. 4908. 
460m. 4606. 460vs. 
430m. 430m. 430s. 
420m. 420m. 420m-  
411w. 
£00sh. 400ah. kOOsh. 
375w. 375w. 375m. 
360w. 360w.. 360w. 
330w, 330w. 330w. 
316w. 316w. 316w. 
a. strong; m. medium; a. weak; sh. shoulder; b.- broad; sp. sharp. 
The, analytical data for the samples whose spectra are shown in 
Table XXVI is given earlier in Table V. In samples with low 
percentage neodymium chromite (e.g. 1.5% at t = Ihr.) the spectral 
features below. 700 cm7l are typically those of chromic oxide, 
NctCrO4 
HG. XXIII 
:era7.tt1Ea]S.J -t:iaTkalI.Th SPECTRA 
:.i 
Wave numb e r ( crW ) 
namely two strong broad absorptions at ca. 625 and 565 cm 1 , with 
a shoulder at ca. 680 czi.  There were also weak absorptions at 
440 and 415 crC1. The main absorption of neodymium oxide is a 
band of medium to weak intensity at 415 - 410 cm7 1 . With 
increasing reaction time the percentage of neodymium chromite 
increased continuously (e.g. 80.8% at t = 75hr.), while the amount 
of starting materials decreased. This effect is shown in the 
spectra below 700 cm'' where the, absorption maxima of neodymium 
chromite gradually become predominant with increasing reaction 
time, with the two main abeorptiorts of chronic oxide eventually 
disappearing. The weak absorptions at 440 and 415 - 410 crC1 
associated with the two oxides also disappear with increasing 
time; the characteristic absorptions of neodymium chromite in the 
region 500 - 400 cm-1 (namely at 495,465 and 435 cm-1) become 
detectable at t = 6hr.,and increase in intensity with further 
increase in reaction time. 
None of the three known components of the reacted samples, 
namely the two oxides and neodymium chromite, show any absorption 
features above 700 cm'. However, all of the samples reacted at 
0 
660 0 showed four absorption maxima, generally fairly strong hand 
sharp, in the region 950 - 830 cm"' (Fig. XXIII). These bands 
Increased in intensity relative to the maxima below 700 cm 
from t = ihr. to a maximum around t s: 	 then became weaker 
towards t = 75kw. This corresponds with the trend of the percentage 
neodymium chromate (VI) variation with time recorded in Table V. 
These absorptions were therefore assigned to the oxidised product 
present in the reacted samples, This group of four absorptioni 
maxima varied in intensity from one spectrum to another, relative 
to the maxima of the other components of the sample.. This 
variation was qualitatively in agreement with the relative 
63. 
quantities of the components. However, individually the intensities 
of the four absorption bands relative to one another was the same 
in the spectrum of each reacted sample studied. This suggests that 
the four maxima are due to absorptions of a single compound. 
These absorption maxima of the reacted samples in the 
region 950 - 830 cm were compared with those of neodymium 
chromate (VI) and chromate (V) in this region (Table Xxvii), 
TABLE XXVII 
COMPARISON OF I.R. ABSORPTION MAXIMA OF A REACTED SAMPLE WEPH 
Nd,0, Cr,0,1 NdCr0. N4,(Cr0 1,), Nd,(Cr0,.)'7HO AND NdCrO, 
Reacted 
Sample Nd203 Cr201 dCrO3 a2( Cz045 Nd2 (Cr04) 3 ' 7H20 NdCrO, 
1000w. 
961w. ak. 
930m. 9356. 939w. 
916m. 
888s. 900w. 89$s. 
868m. 868m.b. 866m. 869w.sh . 







612s. 616w. 618s. 620w.br. 618w. 
580vs. 5908. 
570sb. 569va. 
530w. at 530w.br. 
495m. 500m.slj 495w. 
460m. 455s. 460w. 465m. km. 455w.sb. 
441w. at 441m.sp 
435m. 435m. 433w. 
421sb.. 421w.sb 148w, sIt. 420w. 
411w. 418. 412m.sp 411w.sh. 
400w.sl 400w.sb  
375w. 375m. 376m. 380w. 
360w. ______  364w.  _370w.  
6½. 
Neodymium chromate (V) has one strong, broad absorption at ca. 
770 cC1, with very weak shoulders at ca. 868 and 8140 Gm_i . 
Neodymium chromáte (VI) shows three absorptions at ca. 935, 
900, 868 c rC, with additional bands at 1000, 812 and 800 
The spectra of the two prepared chromates are included in Fig. XXIII 
with the'spbctrum of the reacted sample for a comparison of band 
shape. The absorptions of the bxidised,material could not be 
assigned to the chromate (V), whose main absorption at ca. 770 
cm7 was not detected. The foui bands were however, of the same 
general shape and frequency region as part of the chromate (d) 
spectrum, but the chromate (VI) bands at 1000., 812 9 800 cm_i 
were not observed in the spectrum of the reacted sample. Although 
the oxidised material was unlikely to be hydrated neodymium c £ 
chromate (VI) since the samples were reacted at temperatures,., 
greater thaü 600°C, then cooled in a dossiccator, its infrared 
spectrum was also measured here, and is included in Fig.. XXIII; 
the maxima are also tabulated in Table XXVII. There is consider-
able similarity between the spectra of hydrated chromate (VI) 
and of the reacted sample in the region 900-800 cm, with the 
maxima at 8950 865 and 845 cw very similar in band shape and 
wavenumber; the bands of the hydrated chromate (VI) at ca. 
960, 915 0 825 cm-1  were not observed in the spectrum of reacted 
samples.. 
As a check on the validity of the conclusions drawn from 
the infrared spectra, the effects of the prese&vo of each known 
component of a reacted sample on the spectral features of the 
prepared neodymium chromate (VI) and chromate (V) were measured. 
Synthetic mixtures containing the two oxides and neodymium 
chromite with.(a) neodymium chromate (V) and (b) neodymium 
chromate (VI) were prepared and their infrared spectra recorded 
65. 
In each case the spectra were found to be additive, as expected, 
with the presence of the other components having no effect on 
the absorption maxima of either the chromate (v) or chromate (VI). 
A check was also made on the effect of the presence of the 
chromate (VI) and chromate (V) on the spectrum of each other, 
to see if they too were additive. Synthetic mixtures of the 
two chromates were prepared in various molar ratios and their 
infrared spectra studied. In molar ratio of neodymium chromate 
(V) to chromate (VI) of 50:50 to 70:30 there was no trace of 
the chromate CV) absorption maximum at ca. 770 cm. The 
chromate (V) was apparently not in sufficiently large quantity, 
relative to chromate (VI), to give rise to any of its recognised 
absorption bands, despite the fact that there is no absorption 
maxima of the chromate (VI) around 800-750 cm which could 
possibly mask the maxima of the chromate (V). The chromate (VI) 
absorption maxima were not affected by the presence of the 
chromate M. In molar ratio of chromate CV) ; chromate (VI) 
of 80:20 there was a very slight trace of the chromate (V) 
absorption, but the spectrum was chromate (VI) dominant. Onla 
when the chromate (V) was in ratio 90:10 or greater were the 
chromate (V) features dominant, although the chromate (VI) r-
maxima could still be detected, even in molar ratio of 
chromate (V) to chromate (VI) of 95:5. These synthetic mixtures 
of the two chromates were then mixed with a synthetic mixture 
containing the two oxides and neodymium chromite, and their 
infrared spectra studied. The features foundin each synthetic 
mixture of the two chromates were not significantly affected 
by the presence of the other materials. 
In summary, the infrared data suggested that the oxidised 
product was possibly neodymium chromate (VI), or a mixture of 
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neodymium chromate (VI) and chromate (V) 1 but not neodymium 
chromate (V) alone. 
The ultraviolet and visible spectra of a reacted sample 
(6600C for 8 hours) and of neodymium oxide, chromic oxide and 
neodymium chromite were measured by the diffuse reflectance 
technique. The absorption maxima of the two oxides and 
neodymium chromite are tabulated in Table A XVII. The spectra 
of neodymium chrornite and of a 1:1 molar, mixture of the oxides 
Is represented in Fig.XXIY. The spectrum of the reacted sample 
is represented in Fig. XXV and its absorption maxima compared 
with the maxima of the possible components of the sample in 
Table XXVIII. Only the strong, broad band at kOOnm. could not 
be assigned to the three known components of the reacted 
sample, and was therefore assigned to the oxidised product. The 
spectra of the prepared neodymium chromate (VI) and chromate (V) 
were also recorded and are also represented in Fig. XXV for a 
direct comparison with the spectrum of the reactEd sample; their 
absorption maxima are tabulated in Table A XVIII. 
In the chromate (VI) spectrum, a strong broad band was 
observed at 440nm. together with a strong band at 375nm. These 
two bands were very similar to the absorption maxima at 440 and 
375nnx. on the spectrum of the reacted sample. There was no ab-
sorption maximum around 375 or kkonm. in the spectrum of 
neodymium chromate (V), only a strong broad absorption at koOnm. 
As with other physical properties studied, the ultra-
violet and visible spectra suggested neodymium chromate (VI) 
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COMPARISON OF DIFFUSE REFLECTANCE 
SPECTRA OF A REACTED SAMPLE (660°C,BHR), 




COMPARISON OF U.V. AND VISIBLE ABSORPTION MAXIMA OF A REACTED 
SAMPLE WITH Nd20 • Cr2O 1 NdCrO 7 NdCrO • Nd (Cr0 j 
3 	 24. 	2 
Reacted 
Sample Cr203 NdCrO3 NdCrO Nd2(Cr04)3 
860m. 880m.sp. 885m.sp. 880m.sp. 
810m. 815s.ap. BlOin.sp. 8(iOm.br. 803rn.6p. 
745m. 750e.sp. 745rn.sp. 750zn.ap. 
680w.sp. GBOsh. 680w.br . 68w. 




470w.sp. 475s. 470s. 
kkOa.sh. 440s., br. 
L'.OQSa 
375s. 365zn.sp. 380s. 3658. 3755. 
3ljOw. 
335s. 
275sh. 285sh. 2758b. 
253s.sp. 
w, weak 	sp.. sharp 
rn. medium br. broad 
a.. strong 	sh. shoulder 
•4 
Identification of the Oxidiced Product by Chemical Analysis. 
The possibility of identifying the oxidised product by 
chemical analysis was now investigated. As stated earlier, 
the only known sources of the chromate (VI) ion in dilute acid 
medium are the chromate (VI)., Nda(CrOk),  and the chromate (V), 
NdCrO ½• The equations for their dissolution are: 
 Nd2(CrOk)3 	
H 	'3(CrO42)aq. 
3 NdCrO4 > 2(Cr042 )aq. + (Cr3 )aq. 
The iodometric method of determining soluble chromium content 
of the filtrate in the analysis of a reacted sample only 
measures aqueous chromate (VI) ion, (Cr042 )acl. From equation 
1, if chromate (VI) is the oxidised product the measured soluble 
chromium is equal to the total soluble chromium content; from 
equation 2, if chromate (V) is the oxidised product the 
measured soluble chromium will be equal to 213 of the total 
soluble chromium content. Therefore, the possibility of deter-
mining, by chemical analysis, the total soluble, chromium content 
was investigated, as a comparison of this with the iodometrically 
determined soluble chromium would give the mean oxidation state 
of the soluble chromium.. 
According to Vogel (1961), Cr3 ions in aqueous solution 
can be precipitated as the hydroxide by hydrolysis of potassium 
cyanate, and then determined graviruetrically. 
A. The chromium content of chrome alum was determined as a 
test of 	procedure. A sample of chrome alum was dissolved 
in ca. 200m1. of cold water. 5g. of ammonium chloride and 1g. 
of potassium cyanate were added, with stirring, until dissolved. 
The solution was heated slowly to boiling when a green, gelatinous 
precipitate of chromium hydroxide separated out. The 
precipitate was allowed to settle, and the turbid liquor 
69. 
decanted off through an ashlese filter paper, No.5 14 (a). 
The remaining green precipitate was shaken with ca. lOOmi, of 
hot 2.5% ammonium nitrate solution rendered slightly ammoniacal, 
and this allowed to settle and the liquor then decanted off 
through the same filter (a). The filtrate was heated to boiling 
and a few drops of alizarin indicator were added, followed by 
concentrated hydrochloric acid dropwise until the colour was 
permanently yellow. Ammonia solution was then added slowly 
until the solution was just red. After standing for ca. 30 
minutes, the small red precipitate which formed was collected 
on a separate ashless filter (b), then washed with the hot 
ammoniacal ammonium nitrate solution. 
The main bulk of the green precipitate was again shaken 
with the ammonium nitrate solution and filtered through (a), 
and the collected precipitate washed with the filtrate. The 
film of precipitate which adhered to fle flask was dissolved 
in a small quantity of concentrated hydrochloric acid and a 
few drops of alizarin were added, followed by ammonia until 
the solution turned red. After standing for ca. 30 minutes, 
the solution was filtered through (b). 
Both filter papers (a) and (b) were burned-off in a 
weighed platinum crucible and their contents then ignited to 
chromic oxide at ca. 900°C for 10 minutes, then weighed. For 
a sample of chrome alum calculated to form 0.32189. of chromic 
oxide, the determined weight was 0.3336g. which is rather high 
and outwith experimental error. 
B. The procedure was then tested on potassium dichromate 
where the chromium is present as Cr and must firstly be 
reduced to Cr)t. 
A sample of the dichromate was dissolved in ca. 150ml. 
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of water in a conical flask. 5m1. of concentrated hydrochloric 
acid and 15m1. of absolute alcohol were added. The solution 
was heated gently until green (Cr3 ) and there was no trace 
of acetaldehyde or ethanol being evolved. This green solution 
was cooled, diluted to jOan].., then treated exactly as described 
for chrome alum. The determined weight of 0.31639. of cbrornic 
oxide was again higher than the calculated weight of 0.31449. 
for the sample taken. 
By repeating the experiment, and igniting the hydrous 
chromic oxide for various lengths of time it was found that 
immediately after removal of the filter paper, the weight was 
the minimum obtained and increased on further heating. However, 
It was found that the amount of heating required to burn off 
all the filter paper resulted in the determined minimum weight 
being greater than that corresponding to Cr203 . 
On another determination, the filter papers were burned 
off in a porcelain crucible rather than a platinum one, and the 
residue was fused with sodium peroxide to convert all the Cr)+ 
to soluble chromate (VI) which was then determined iodometrically. 
For a sample calculated to contain 0.2274g, chromium, the 
determined weight was 0.2239g. Therefore, the chromium content 
of the residue could be determined satisfactorily by the sodium 
peroxide fusion method. 
Now that the soluble chromium content, 	and 0r3+, 
could be determined satisfactorily, this method was tested on 
neodymium chromate (If). 
C. A sample of neodymium chromate (V) was dissolved in jOml. 
of 2N hydrocijioric acid and the chromium (VI) content 
determined iodometrically (determined 19.35%; calculated 19.98%). 
The neodymium was then removed from the solution by 
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precipitation as the oxalate (determined 55.47%; calculated 
55.13%). The remaining filtrate was then treated exactly as 
described for chrome alum.. However, on addition of the ammonium 
chloride and potassium cyanate, a white crystalline solid 
formed with no trace of chromium hydroxide. A second sample 
was not tested todometrically for chromium (vi) content with 
only the neodymium being removed before the hydrolysis reaction. 
Again, there was no trace of chromium hydroxide and it was 
concluded that the presence of excess oxalic acid was interfering 
in the hydrolysis of potassium cyanate. Dissolving the sample 
in nitric acid instead of hydrochloric acid gave similar results. 
From these results it was concluded that the chromium 
and neodymium would have to be precipitated out of solution to- 
gether as the hydroxides. Any reaction between the two hydroxides 
on ignition would not affect the determination at chromium 
content since the sodium peroxide would oxidise all the chromium 
to chromate (VI). 
A sample of neodymium chromate (V) was dissolved in 30ml. 
of 2N hydrochloric acid and the yellow solution treated exactly 
as described above for potassium dichromate. It was found necessary 
to add ca. twice the quantities of ammonium chloride and 
potassium cyanate here to obtain complete precipitation of the 
two hydroxides. After burning off the filter papers and fusing 
the residue with sodium peroxide, chromium and neodymium 
contents were determined exactly as described for the residue 
of a reacted sample by the final analysis technique. For the 
sample studied here, the determined values of 0.05359. Cr 
(19.80%) and 0.14939. Nd (55.250%) were in good agreement with 
the calculated values of 0.0540g. Cr (19.98%) and 0.14989. Nd 
(55.13%). 
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The total soluble chromium determination was now tested 
on hydrated neodymium chromate (VI). 
D. A sample of neodymium chromate (VI) was tested for chromium 
content by the method described above for the chromate (V). 
The determined amount of chromium for this sample was 0.07079., 
in good agreement with the calculated value of 0.07099. 
Therefore this analytical method was satifactory for 
the determination of total chromium content of pure neodymium 
chromate (VI) and chromate M. It was then tested on the 
soluble chromium dt±muxiatidn:to±nsynthetic mixtures, in 
conjunction with the final analytical technique for determination 
of all other components. Synthetic mixtures containing the 
two oxides, neodymium chromite and (a) neodymium chromate (V) 1 
(b) hydrated neodymium chromate (VI) were prepared and analysed 
fully by the final technique; the total soluble chromium 
content was also determined by the potassium cyanate hydrolysis 
method. The soluble neodymium was determined by the final 
analytical method rather than by the hydrolysis method. The 
results of the analysis were in good agreement with the 
calculated values and are given in Table XXIX. 
TABLE XXIX 
ANALYSIS OF SYNTHETIC MIXTURES? INCLUDING TOTAL 
SOLUBLE Cr DETERMINATION. 
	
(a) Nd203 , Cr203 , 	 (b) Nd203 , Cr2030  
N4CrO 2 , NdCr0,. NdCrO 2 , Nd,(CrO,) 247H 2O 
Determined IcalculatedlDetermined ICalculated 
total soluble Cr 0.0969g. 0.0071g. 0.0243g. 0.0245g. 
insoluble Cr 0.092g. 0.0397g. 0.05149. 0.0516g. 
total Cr 0,0461g. 0.04689. 0.0757g. 0.0761g. 
soluble Nd203 00991g. 0.0999g. 0.157190 0.15909. 
insoluble Nd203 0.04779.. 0.04839. 0.0318g. 0.03239. 
total Nd203 0.1468g. 0.1482g. 0.1889g. 0.19139. 
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Now that a suitable method of determinaflon of total 
soluble chromium content had been established, it could be applied 
to reacted samples of the oxides. By comparison of the total 
soluble chromium content with iodometricafly determined soluble 
chromium, the oxidation state of the chromium in the oxidised 
product could be calculated. As discussed at the beginning of 
this section,if the oxidised • material formed in the reacted 
samples is chromate (VI), thin from equation (i) the ratio of 
total stluble chromium to iodometrically determined chromium 
is:1:1, while if the oxidised product is chromate (V), then from 
equation (ii), this ratio is 1.5:1. 
(1.) Nd2(CrO)3 	H> 3(Cr042)aq. 
(ii) 3 NdCrO4 	H> 2(Cr04 )aq. + (Cr3')aq, 
Determination of the oxidation state of chromium in the oxidised 
product, 
Pellets of the 1:1 molar mixture of the oxides were 
reacted at 650°C for 4j hours, then finely ground and analysed 
by the standard final analytical technique 
for total chrowium content of the oxidised product by the 
hydrolysis of potassium cyanate. The determined analysts 
results were in good agreemeht with calculated values and are 
shown in Table XXX. The ratio of total soluble chromium 
iodometrically determined chromium was 1.0, within experimental 
error. 
The ratio of the soluble chromium determinations 
indicate that the oxidation state of the soluble chromium is 
6 9 and that in the reaction of the oxides at 650°C for 41 hours, 
the oxidised product formed is neodymium chromate (VI). 
This determination of the oxidised product was now 
applied to the reaction of the oxides at other temperatures, 
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including those already studied from 630-760°C. 
TABLE XXX 








soluble Cr 	0.01249. 
(6.1%) 
total soluble Cr 0.01259. 
(6.2%) 
insoluble Cr 	0.0291g. 
total Cr 	I 0.0416g. 0.04179. 
soluble Nd203 1 0'1154g.. 
insoluble Nd203 0.0191g. 








0.2176g 9 0.21849. 
* denotes that this was determined on a separate analysis 
sample. 
Study of the Oxidised Product Formed in a Series of Reactions 
of the Oxides. 
Now that a method of determining the total soluble 
chromium content of a reacted sample, and hence the oxidation 
state of chromium in the oxidised product formed had been 
established a series of reactions of the oxides was carried out. 
Each sample was analysed by the final technique; together witth 
the total soluble chromium determination. 
Previous work on the decomposition of the cbromates of 
neodymium showed that the chromate (VI) decomposes in the temp-
erature range 580-650°C [Kirkpatrick (1966)] while the 
chromate (IT) decomposes in the range 630800
0C [Darrie (1967)]. 
Reaction of the oxides was studied in these temperature ranges, 
and also down to 3500C, at which temperature oxidised material 
was still detected. The oxidation state of chromium in the 
oxidised product was determined in each case. 
For the reactions at temperatures already studied, 
namely 630, 650 , 680, 700, 720, and 760 °C, the teaction time 
was selected from the percentage chromate vs. time curves 
(Figs IX-XII XIV, XIX) to give the maximum possible percentage 
chromate. For the temperatures not already studied, namely 800, 
600 1 550, 500, 450, kOO, 3500C, an assessment of a suitable 
reaction time was made. The results of iodometricafly deter-
mined chromium and total soluble chromium, together with 
percentage products for each reaction studied are given in 
Table XXXI. 
These results show that at every reaction temperature 
studied, an oxidised product was formed. The ratio of 
iodonietrically determined chromium to total soluble chromium 
was 1:1, within experimental error, indicating that the oxidised 
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product was neodymium chromate (VI) in each case. The 
percentage chromate (VI) at Boo 
0C was very low, in agreement 
with results given earlier in Table XXII for reaction at 800°e. 
As the temperature decreased from 800°C, the percentage 
chromate (VI) increased continuously to a maximum at 650°C. On 
further decrease of temperature below 650°C the percentage 
chromate (VI) decreased continuously down to 3500C. At 
temperatures of 600°C and below there was no neodymium chrontLte 
present, showing the chromate (VI) formed in the reaction tohe 
stable up to 600°C. Above 6000C the percentage of chromite 
increased with increasing temperature to a raaximum at 760° C 
then decreased to 800°C, also in agreement with the results from 
earlier work shown in Table XXII. 
TABLE XXXI 
RESULTS FOR REACTIONS OF THE QXIVb IN TMM*. KAF3tS 	-flU U. 
Soluble 	% Nd2 (CrO ) 	% NdCrO 	% Total. 	Nd 0 
P 	t 	Cr(%) 4 	Products eace 
( °c:j (i) (iil 	A 	B 	Mean 	A 	B 	Mean A 	B 	Mean 
800 	'3- 0.59 0.60 	2.4.'2.4 	2.4 23.1 23,0 23.1 25.5  25.4  25. 	25.0 
760 	ij 2,47 2,50 10.1 10.1 10.1 46.4 48.5 48.4 58.5 58.4 	57.2 
720 	2 	2.49 2.50 10.2 10.1 10.2 46.3 46.0 46.2 56.5 56.1 56.3 54.5 
700 	3*4.154.1316.916.916.933.833.55).7 50.7 50.4 50.6 47.8 
680 	2i1 6.04 6.05 24.6 24.6 24.6 16.3 16.6 16.5 40.9 41.2 41.3 36.8 
650 	4j 7.34 7.32 29.9 30.0 30.0 	8.o 	8.1 	8.137;.9 58,9 38.1 3.6 
630 	8 	5.56 5.61 22.7 22.7 22.7 	1.9 	1.8 	1.9 24.6 24.5 24.6 20.9 
600 17 	4.93 4.87 20.1 20.1 20.1 - - - 	20.1 20.1 20.1 15.2 
0 26 	3.11 3.19 12.7 12.3 12.5 	- 	- 	- 	12.7 12.3 12-5 	9.6 
500 48 	2.02 2.03 	6.2 	8.2 	8.2 - - - 8.2 	8.2 	8.' 	6.3 
450 49 	2.06 2.07 	8.4 	8.4 	8.4 	- 	- 	- 	8.4 	8.4 	3.4 6.3 
400 48 	1.15 1.16 	4.7 	4.6 	4.7 - - - 4.7 	4.6 	4.7 	4.2 
350 49 	0.79 0.79 	3.7 	3.6 	3.7 	- 	- 	- 	3.7 	3.6 	3. 3.0 
(i) lodometrically determined (ii) total, soluble chromium 
X-ray powder diffraction and infrared data were 
measured for most of the reacted samples and are tabulated in 
Tables A XVIII to A XXIII. This data did not differ significantly 
from that described earlier for reacted samples, again differing 
from one another only in relative intensities of the reflection 
lines or absorption bands. 
Having established the nature of the products formed in 
the reaction of the pelletted mixture of the oxides in air, the 
effect of changes of conditions on the reaction of the oxides 
was now studied. 
Effect of an oxygen atmosphere on reaction of the oxides. 
The reaction of the oxides in air at 600 °C for 17 hours 
(Table xxxi) was repeated under a continuous flow of oxygen. 
The pellets were analysed for all components, including total 
chromium content. The oxidised product was again found to be 
the chromate (vi). The results are compared with those found 
in air in Table XXXII, together with the results for the 
reaction of the oxides at other temperatures repeated under an 
oxygen atmosphere. 
At 7200C, the percentage chromate was found to be slightly 
greater in oxygen than in air. At lower temperatures in oxygen, 
the amount of chromate was considerably greater than in air, 
e.g. at 5500C the amount of chromate formed in oxygen was more 
than twice the amount formed in air. The maximum amount of i 
chromate was found at 650°C, in air and oxygen. At the temperatures 
above 600°C, the percentage chromite was slightly higher in 
oxygen than in air, while at 600°C, 11.7% chroniite was determined 
in oxygen. No trace of chromite had been found in air at this 
temperature. 
Therefore the rate of formation of neodymium chromate (VI) 
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TABLE XXXII 
COMPARISON OF RESULTS OF REACTION OF THE OXIDES IN AIR AND OXYGEN ATMOSPHERES. 
T( °C) t(hr.) Atmos. 
% Soluble Cr % Nd2 (Cr04 ) 3 % NdCrO3 % Total Products % Nd2O3 
Reacted (i) 	(ii) A 	B 	Mean A 	B 	Mean A 	B 	Mean 
720 2 air 2.49 2.50 10.2 10.1 10.2 46.3 46.0 46.2 56.5 56.1 56.3 54.5 
720 2 02 2.89 2.92 11.8 11.7 11.8 67.1 68.6 67.9 78.9 80.3 79.6 77.9 
630 8 air 5.56 5.61 22.7 22.7 22.7 1.9 1.8 1.8 24.6 24.5 24.6 21.7 
630 8 02 8.28 8.26 33.8 33.7 33.8 6.4 6.0 6.2 40.2 39.7 40.0 33.4 
600 17 air 4.93 4.87 20.1 20.1 20.1 - - -. 20.1 20.1 20.1 15.8 
600 17 02 7.97 7.88 32.5 32.6 32.6 11.8 11.6 11..7 44.3 44.2 44.3 39.4 
550 26 air 3.11 3.19 12.7 12.3 12.5 - - - 12.7 12.3 12.5 9.7 
550 26. 02 7.29 7.38 29.4 29.2 29.3 - - - 29.4 29.2 29.3 23.3 
iodometrically determined 
total soluble chromium 
-C 
'C 
was higher under an oxygen atmosphere. This chromate (VI) was 
found to have undergone decomposition at 600°C under oxygen, 
showing the chromate (VI) to be stable up to at least 5500C 
under oxygen, compared with 600°C in air for these particular 
reaction times studied here. These results, particularly that 
at 600°C, suggest that the rate of decomposition of the chromate 
to chromite may also be increased by the oxygen atmosphere. 
The X-ray powder diffraction and infrared data were 
measured for the reactions in oxygen and are recorded in Tables 
A XXIV and A XXV. The data was found to be very similar to 
that recorded for the samples reacted in air, and was in agree-
ment with the data expected from the analyses. 
Effect of pellettjng the oxide mixture on the reaction. 
All reactions of the oxides so far studied have been 
on 0.49. pellets, i.e. all pellets were of the same volume 
and surface area. The reaction was now studied using both 
0.49. and 0.8g. pellets at two different temperatures, 320, GO°C 
under oxygen atmosphere and their compositions compared. 
Previously, at 5200C only neodymium chromate (VI) was formed 
whereas at 650°C both neodymium chromate (VI) and neodymium 
chromite were present. The results for the two pellet sizes 
are shown in Table XXXIII, 
TABLE XXXIII 
EFFECTOF PELLET SIZE ON REACTION OF THE OXIDES UNDER 0_ATMOSP  HER E 
t Pellet % Nd2 (CrO4 ) 3 % NdCrO3 6-Total Products % Nd203 
T°C (hr) Size A 	B 	Mean A 	B 	Mean A 	B 	Mean Reacted 
650 iij 0.4g. 23.0 23.2 23.1 18.3 18.1 18.2 41.3 41.3 41.3 37.0 
650 kj 0.8g. 15.4 15.8 15.6 46.2 45.6 45.9 61.6 61.2* 61.5 38.9 
520 6 0.49. 10.5 10.6 10.6 - 	- 	- 10.5 10,6 10.6 8.1 
520 6 0.8g. 10.9 10.9 10.9 - - - 10,9 10.9 10.9 8.5 
U. 
The results show an increase in the overall percentage 
products for the 0.8g. pellets at 6500C, with a slight decrease 
in chromate and a large increase in chromite, indicating an increase 
in the rates of formation of the chromate for the 0.8g. peflats. 
This was not the expected result, since in the Mg. pellet, 
the ratio of surface area weight is less than in the 0.49. 
pellet, and would be, expected to result In a decrease in the 
rate of formation of chromate. 
Another aspect of pelletting was considered now, name1r 
the difference between the effect of pellets and loose powders 
on the reaction of the oxides. The reaction of the oxides was 
studied at 680°C for 2 hours under oxygen atmosphere in both 
pellet (0.4g.•) and loose powder form, and the results CQniajed 
in Table XXXIV, together with results for the pelletted sample 
In air. 
TABLE XXXIV 
EFFECT OF PELLETTING ON THE REACTION OF THE OXIDES AT 680 08 
FOR 2 HOURS. 
% Nd2(0r04 ) 3 
A 	B 	Mean 
% NdCrO3 Total Products % Nd203 
Reacted A 	B 	Mean A 	B 	Mean 
pellets (0 2 ) 23.4 22,9 2342 34.0:34.3 34.2 57.4 57.2 57.3 52.1 
powder (Oa) 31.6 30.8 31.2 15.5 15.9 15.7 47.1 46.7 46.9 40.7 
pellets (air) 24.6 24.6 2416 16.3 16.6 16.5 40.9 41.2 41.1 37.8 
The results show that in loose powder form there is an increase 
in the amount of chromate (VI) present, but the percentages of 
the chromite and of total products are considerably less than 
in pellet form. The results indicate that both the formation 
of the chromate and the decomposition of this to the chromite 
occur more rapidly in the pellet form than in loose powder. 
Also, the percentage products formed in an oxygen atmosphere 
is greater than in. air, as with the other reactions carried out 
under oxygen flow, even to the extent of the powder form in 
oxygen giving a Greater percentage products than the pellet 
form in air. 
Effect of temperature on reaction of the oxides under O flow. 
1 
A series of reactions of the oxides (pellets) was carried 
out at several of the temperatures already studied in the range 
630-8000C, each for a reaction timeof 2 hours under a continuous 
flow of oxygen. This allowed a direct measurement of the effect 
of temperature on the percentage,products formed in the reaction 
of the oxides in oxygen. The results are shown in Table XXXV, 
and represented graphically in Fig. XXVI. 
TABLE XXXV 
VARIATION OF PERCENTAGE PRODUCTS WITH TEMPERATURE FOR 
2 HOURS UNDER OXYGEN ATMOSPHERE 
% Nd2(CrOQ3 % NdCrO3 % Total Products 6 Nd203 
reacted 
T( °C) A B Mean A B Mean A B Mean 
800 1.9 1,9 1.9 90.7 92.2 91.5 92.6 94.1 93.4 93.7 
760 5.1 4.9 5.0 79.6 79.4 79.5 84.7 84.3 84.5 83.8 
720 6.9 6.9 6.9 67.1 68.6 67.9 74.0 75.5 74.8 73.9 
700 11,7 11.5 11.6 61.9 60.6 61.3 73.6 72.1 72.9 71.1 
680 19.8 19.3  19.6 33.0 31.9 32.5 52.8 51.2 52.0 48.6 
650 26.7 26.8 26.8 5.5 6.0 5,9 32.5 328 32.7 27.3 
630 26.3 26.2 26.3 2.3 2.3 2.3 28.6 28.5 28.6 23.1 
The total soluble chromium was not determined in this series of 
reactions as the oxidised product had already been established 
as the chromate (VI) for these reaction temperatures. 
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VARIATION OF PERCENTAGE PRODUCTS WITH 
TEMPERATURE FOR 2 HR. UNDER 	FLOW 
mmperciturc ( °c). 
The effect of increasing temperature under oxygen 
atmosphere was to give a continuous increase in the percentage 
products, with a very substantial increase from 650-700°c. 
Particularly notable in the results in Table XXXV was the 
increase in percentage reaction from 760-800°C, in contrast to 
the decrease found in the reactions studied earlier in air for 
1 hour at these temperatures (Table XXII). The maximum percentage 
chromate (VI) was found at 650°C and increased continuously 
with increasing temperature above 6500C; also the percentage 
chromite is low at 630,650°C, but increased rapidly above 6500c. 
Effect of reaction time on the reaction of the oxides under 
atmosphere. 
Several of the reactions of the oxides already carried 
out at various temperatures in both air and oxygen (Table XXXII) 
were now studied for differing lengths of time at these temp-
eratures, under oxygen atmosphere.. 
The reactions studied were at 6300C for 17 hours; at 
5500C for 17 and 213- hours; at 7200C for 1, 2, 3, 4 hours 
respectively. The results of the reactions are tabulated in 
Table XXXVI, together with results Obtained earlier at 630°C 
for S hours and at 550°C for 26 bouts under oxygen. The results in 
Table XXXVI show that the effect of increasing the reaction time 
at any one temperature is generally to increase thepercentage 
reaction and the percentage total products. These observations 
are in agreement with results shown earlier for the reaction 
in air (Tables XVI-XXI) where it was established that in the 
temperature region studied here, the rate of reaction of the 
oxides increas&dwith increaing temperature. The effect of in-
creëiing is more marked under oxygen than in air, particularly 
at 720°C, at this temperature, both the rate of formation of 
83. 













the chromate (VI) and its subsequent decomposition to the 
chromite are more rapid under oxygen than in air giving rise 
to a larger percentage of products, at each reaction time 
studied. 
TABLE XXXVI 
EFFECT OF REACTION TIME ON THE REACTION OF THE OXIDES 
AT 550, 630. 720°C. 
% Nd,(CrO,), 	% NUCrO 7 	% Total Products1% Nd0 
- C 	 Li ____________ 
A 	B Mean 	A 	B Mean 	A 	B Mean 	Reacted 
15.6 15.6 15.6 41.8 42.0 41.9 57.4 57.6 57.5 
11.8 11.7 11.8 68.0 69.5 68.8 79.8 81.2 80.5 
5.4 5.3 5.4 63.9 84.1 84.0 89..3 89.4 89.4 
2.2 2.2 2.2 88.8 89.3 89.1 91.0 91.5 91.3 
33.8 33.7 33.8 6.4 6.0 6.2 40.2 39.7 40.0 
27.4 27.2 27.3 31.9 31.4 31.7 59.3 58.6 59.0 
23.8 23.3 23.6 - - - 23.8 23,3 23.6 
26.3 26.a 26.3 - - - 26.3 26.2 26.3 











Solid State Reaction of Nd2CCrOj with Nd293 . 
From the results of the reaction of the oxides already 
studied under varying conditions, two particularly interesting 
aspects arose: 
The formation of neodymium chromate (VI) at temperatures 
of 600 0C and greater. 
The decomposition of this chromate (VI) to neodymium 
chromite with no trace of the intermediate chromate (v). 
The former i in contrast to the. method of preparation of 
neodymium chromate (v) from solution (Schwarz (1963)] , which 
can be represented as: 
U) removal of H20 
Nd(N0) aq. + Cr(NO3) aq. 	 . > NdCrO 
(ii) 6000C under 
(-NO 2 ) 
This is effectively reaction between the oxides of neodymium 
and chromium after removal of nitrogen dioxide, and results in 
at least 99% pure neodymium chromate (v), The latter is in 
contrast to the two stage decomposition [Kirkpatrick (1966)] 
of neodymium chromate (VI) prepared from solution, according 
to the equations: 
Nd2 (Cr04 ) 3 	> 2 NdCrO4 + 0.5 Cr203 + 1.25 02 
2 NUCrO4 	> 2 NdCx'O., + 
Nd2(CrOk)) 	-> 2 NdCrO3 + 0.5 Cr203 + 2.25 
The chromate (V) is reported to be a stable intermediate in 
this decomposition. The preparation of neodymium chromate (V) 
in the solid state has also been reported [Schwarz (1963)] 
according to the equation: 
(A) Nd2(CrOk), + Nd(NO3 ) 3
.61120 	> 3 NdCrO4 + 3 NO2 + 6 1120 + 1.5 02 
This is effectively reaction of the chromate (VI) with neodynlium 
oxide after removal of nitrogen dioxide. 
In the reactions studied between neodymium oxide and 
0 
UIX 
chromic Oxide in the solid state, partial reaction has been 
obtained between the oxides. This resulted in unreacted 
starting materials, together with neodymium chromate (VI) and 
In some cases neodymium chromite being present in these reacted 
samples. No trace of neodymium chromate (V) was detected in 
these samples. Therefore there has been no reaction of the 
chromate (VI) with unreacted neodymium oxide to form the 
chromate (V) as described by Schwarz according to equation (A). 
The difference in the nature of the chromate (VI) and neodymium 
oxide in the reacted samples to those in equation (A) is that 
they may be in a less reactive state in this case; the oxide 
was pre-ignited at 1000 °C, and the chromate (VI) was formed by 
a solid-solid reaction rather than by precipitation from 
solution. This led on to a study of the reaction between 
neodymium chromate (VI) and neodymium oxide in the solid state. 
Study of the solid state formation of NdCrO. 
The solid state formation of neodymium chromate (V) 
according to the equation: 
t4da(Cr0), + 0.5 Nd203 > 3 NdCr0 + 0.75 02 
was attempted at 600°C under a continuous flow of oxygen. 
A mixture of anhydrous neodymium chromate (VI) and pro-
ignited neodymium oxide in a 2:1 molar ratio was prepared by 
grinding them finely in an agate mortar. Approximately half 
of the mixture was pelletted, and the remainder left as loose 
powder. Both pellet and powder form were placed in a platinum 
boat and separated from one another by a thin platinum foil. 
They were then heated at 600°C for 13 hours under a continuous 
flow of oxygen. The two samples were then finely ground and 
analysed exactly as described for the reacted mixture of oxides, 
Including total soluble chromium determination. 
With the pelletted sample, both the lodometrically 
determined and total soluble chromium contents were found 
to be 1.3%, indicating the oxidation state of all soluble 
chromium to be 6+, I.e. there was no trace of chromate (V). 
This soluble chromium content represented 6.2% by weight of 
neodymium chromate (VI) in the sample compared with 79.1% 
initially. The sample was found to contain 89-3/6 neodymium 
chromite, suggesting that much of the chromate (VI) had 
decomposed. However from the total soluble neodymium content 
and the weight of neodymium chromate (VI) present in the sample; 
the amount of unreacted neodymium oxide was found to be 3.6 0% 
compared with 20.9% initially. Therefore the. components must 
have reacted to a considerable extent and it is possible that 
the chromate (V) was formed in the reaction but underwent 
rapid decomposition to the chroaiite. This reaction was r 
repeated and is discussed later. 
With the loose powder, the analysis results indicated 
the presence of some chromate •(V) in the sample. The visual 
appearance of the sample was'.a darker green than the pelletted 
sample, and was quite similar to prepared neodymium chromate (V). 
The complete analytical results are shown in Table XXXVII. 
87. 
TABLE XXXVII 
ANALYTICAL DATA FOR REACTION OF Nd2(CrO b WITH Nd20 (POWDER); 4- 	 3 
Determined I Calculated  I Determined I Calculated 
PTM 
soluble Cr 

















total Nd203 0.0661g. 1 0.0663g. 0.07719. 1 	0 .0772g. 
* denotes that this value was calculated on a separate analysis 
sample.. 
Specimen calculatøn of percentage reaction for sample A (Table 
Xxxvii). 
As discussed earlier in the analytical detrminatjorj 
of the total soluble chromium content of a reacted sample, 
the equations for the dissolution of the chromate (VI) and 
chromate (V) are: 
+ Nd2 (Cr04 ) 3 	3 (Cr04 2 )aq. 
3 NdCrO4 	> 2 (0r042')aq. + (0 r3 1 ) aq. 
The difference in the determined weights of total soluble chromium 
and iodometricafly determined chromium can only arise from azw 
(Cr3 )aq, from equation b). From the total soluble chromium 
and iodometricafly determined chromium, the amounts of chromate 
(VI) and chromate (V) present in the sample are calculated in 
the following way, for sample A: 
wt of sample A 
total soluble chromium 
iodometrically determined chromium 
therefore Cr3+  
from equation (b), (Cr5 )g. 




0.00832 - 0.00606g. 
0.00246g. 
=:3 x (Cr')g. 
0.00738g. 
0.0569g. NdCrO 
(total soluble Cr - Cr5 )g. 
=0.00852 - 0.007389. 
= 0.00114g.. 
Z 0.00479. Ndp(Cr0413 
0.03949. NdCrO4 + 0.00479. Nd2(Cr04 ) 3 0.02639. soluble Nd203 
Total soluble N4203 determined 	= 0.0291g. 
therefore unreactéd Nd203 	 0.0291 - 0.0263g. 
= 0.0028g. 
Measured insoluble Nd203 	 = 0.03709. 
0.0536g. NdCrO 3 
In summary, the components of sample A were 
0.0369g. NdCrO4 (37,1% of sample) 
0.0536g. NdCrO3 (53.92 of sample) 
0.0047g. Nd2(Cr04 ) 3 
0.0028g. Nd203 
0.0980g. total 
The total weight of components determined in the analysis, 
0.0980g., was in agreement, within experimental error, with the 
weight of the analysis sample, 0.09949, 
To calculate the percentage reaction of Nd 2 (Cr04)3 
and Nd203 it is necessary to know the initial weights of each 
starting material as well as the individual weights of unreacted 
material. 
The equations for the formation of NdCrO4 and NdCrO3 are: 
Nd2 (Cr04 ) 3 + 0.5 Nd203 	> 3 NdCrO + 0.75 02 
3 NdCrO4 	 > 3 NdCrO3 + 
(0) Nd2 (Cr04) 3 + 0.5 Nd203 	> 3 NdCr03+ 1.7502 
These eqations show that during the reaction, oxygen 
has been lost and therefore the weight of the analysis sample 
was less after reaction than it was before reaction had taken 
place. This weight difference was calculated from the equations 
as follows: 
from (a), for 1 mole of NUCrO 4 determined in the sample, 
0.25 moles of 02 have been lost. 
from (c), for 1 mole of NdCrO3 determined in the sample, 
0.583 moles of 02  have been lost. 
In sample A. 0.0369g. NdCrO4 determined I 0.0011g. 02 lost. 
0.0536g. NdCrO3 determined 0.0041g. 02  lost 
Therefore total weight lost from sample A = 0.0052g. 
Therefore weight of sample A before reaction = 
weight of analysis sample + weight loss 
0.0994 + 0.00529. 
= 0.1046g. 
This weight consists of Nd2(Cr04 ) 3 and Nd203 in a 2;1 molar 
ratio, therefore initial weights of the starting materials were 
0.0219g. Nd203 : 0.0827g. Nd2(Cr04 ) 3 . 
Therefore amount of Nd2 (Cr04) 3 reacted = initial weight — 
unreacted weight 




similarly the amount of M203 reacted = 0.0219 - 0.0028g. 
= 0.0191g. 
= 87.2% 
The measured insoluble chromium( content was 0.01179. The 
determined weight of NdCrO 3 , 0.036g. would give rise to 
0.01149. of insoluble chromium. The only known sources 
of insoluble chromium are NdGrO3 and 0r203 . Therefore, within 
experimental error, there is no chromic oxide present in the 
sample. It was also a possibility that, within experimental 
error, a small amount of decomposition may have taken place, 
which would result in some chromic oxide being formed. This 
decomposition would also account for the percentage reaction 
of neodymium oxide being slightly lower than that of the neodymium 
chromate (VI), since the oxide could not then undergo 100% 
reaction at any time. 
The infrared spectra of the reacted samples in both loose 
powder and pellet form are represented in Fig. XXVII. Their 
absorption maxima were found to be in good agreement with 
the maxima of the individual components determined in the analysis, 




INFRARED ABSORPTION MAXIMA (cm 1 ) FOR REACTION OF 
• 0.5 Nd 	AT 6000C FOR13 112. 
Pelletted Powder Nd2  Oro  k ) 3 NdCrOk N40r03 Nd203 
980w. 	998m. 
930w..sh. 930m. 	930s. 
890w. 	895w. ab. 898m. 
862w. 	855w.br. 860w.br . 
810m. 
800sh. 
768m.br . 	 76.5vs. 
680m. sh . 
618e. 	 620vs. 	6256.br. 
612sh. 	612sh. 
590vs. I 	I 	I 	15908.sh. 
5706. 	 1 1565S.br. 
530w. 1 530w.sh . 
1490m. 	490w.sh. 	 492m. 
460s, 	460m. 	 462s. 
450eh. 
435m. 	435m. 	 432s. 
The X-ray powder diffraction patterns were also measured 
for the two reacted samples, and their dR spacing, are 




dR SPACINGS OF SAMPLES REACTED AT 600° C AND OF THEIR INDIVIDUAL COMPONENTS. 
Reacted 	Samples 




3.87(36) 3.85(16) 3.85(22) 
3.71(54) 
3.66(34) 3.66(54) 3.65(100) 3.63(66) 
3.57(73) 
3.35(30) 





TABLE XXXIX (Contd.) 
SPACINGS OF SAMPLES REACTED AT 600°C AND OF THEIR INDIVIDUAL COMPONENTS. 
Reacted: 	Samples 
Nd2 (CrOj) 3 NdCr04 NdCrO3 Nd203 Cr2O3 PelIetted Powder 
2.730(100) 2.722(100) 2.714(70) 2.706(100) 
2.667(100) 




2.217(25) 2.206(15) 2.212(46) 2.212(17) 
2.176(32) 
2.151(46) 
1.926(47) 1.929(34) 1.933(12) 1.926(35) 1.926(37) 




The X-ray powder diffraction data are in good agreement with 
that expected from the analytical results, confirming the presence 
of neodymium chromate (V) in the powder form only. It also 
shows that neodymium chromite is present in both samples, 
together with small quantities of starting materials. 
Now that the reaction of neodymium chromate (VI) with 
neodymium oxide at 60000 in loose powder form has taken place 
with formation of a significant quantity of neodymium chromate 
(v), the reaction was repeated at various temperatures. 
êfies of reactions of Nd2  (Cr0 1  ), + 0.5 Nd 0, in the temperature ,.- 	2-..,- 
range 620-5000C. 
Reaction of the loose powder was carried out under 
oxygen flow at temperatures of 620, 600, 580, 560, 540, and 
50000 respectively for 113 hours. Each reacted sample was 
analysed and the percentages of products and percentages of 
reaction determined as described above for the reaction at 
60000 for 13 hours. The results are given in Table )1. The 
variation of percentage products with temperature are represented 
in Fig. XXVIII; the variation of percentages of reaction with 
temperature In Fit. XXIX. 
TABLE XL 
T( 0C) (i) (ii) NdCrO4 NdCrO3 Total Nd203 Nd2 (0r04)3 
620 1.09 1.08 - 89.6 89.6 82,9 94.8 
600 6.23 8.66 36.9 45.0 81.9 75.6 93.3 
580 7.06 9.77 40.7 37.5 78.0 54.5 91,.9 
560 12.43 17.41 74.8 11.6 86.4 83.7 87.7 
540 15. 04 19.32 64.3 - 64.5 66.3 67,2 
500 17.56 19.16 26.8 - .26.8 28.4 29.6 
95. 
(i) iodometrically determined (ii) total soluble chromium 







VARATON OF PERCENTAGE PRODUCTS 
1Nd2(Cr04)3+O-5Nd2o3J WITH TEMPERATURE 
FOR ftSHR. UNDER 02 FLOW 
Temperaturt? ( °C) 














Tempe rat ur&C) 
The infrared absorption maxima and the X-ray powder diffraction 
patterns were recorded for each sample, and found to be in agree-
ment with that expected from the analytical results. The data 
are tabulated in Tables A XXVI and A XXVII. The results for 
each reaction were subjected to an errors treatment similar 
to that described earlier for the reaction of the oxides. A 
specimen of thi errorr in each component of the sample is 
shown in Table XLI for T= 600 0C. 
TABLE XLI 
SPECIMEN RESULTS;ITH ERRORS, OF THE COM POSITION 
OF THE SAMPLE REACTED AT 600°C. 
Component 	Weight, with errors 
NdCrO4 0.0318 + - 0 0 . 0022 0026g. 







Nd203 0.0045 + - 0.0011 000099. 
Cr203 0.0016 + - 0 0 . 0009 0007g. 
Total 0.0812 + - 0.0063 00066g. 
Therefore the determined weight of all components, 0.0812g. 
is in agreement with the actual, weight of the analysis sample, 
0.0862g.., within experimental error. To check the analysis 
results, the total determined neodymium and chromium contents, 
with errors, are compared with the calculated values in Table 
XLII and found to be in agreement. Also included in Table XLII 
are the errors in the percentages of reaction which were 
calculated from the errors in the individual components of the 
sample (Table XLI). These errors were found to be relatively 
high due to the large number of components of the sample. The 
96. 
errors were greater at the temperatures where the largest amount 
of neodymium chromate (V) was found, and also depended on the 
weight of the sample analysed. 
As with the reaction described earlier at 600°C for 13 hours, 
at temperatures of 5600C up to 62000,  the percentage reaction 
of the neodymium chromate (vi) was greater than that of 
neodymium oxide. There were also small quantities of chromic 
oxide determined in these samples, Again, this suggests some 
decomposition of the chromate (VI) and therefore apparently a 
greater percentage reaction of the chromate (Vi) than of neo4ywium 
oxide. Because of the discrepancy in the percentages of readtion 
at these temperatures, the results were tested for self-
consistency, and a specimen calculation is shown below for the 
reaction at 6000C. 
Specimen calculation for self-consistency of results (T= 600 00) 
Weight of sample analysed = 0.0862 ± 0.0002g. 
This sample was found, by analysis, to contain (TableXLI): 
0.0318 + 0.0022 - 0.0026 NdCrO4 
+ 00018 0.0045 - 0 . 0021g. Nd2 (Cr04 )3 
00388 tO.0003g. NdCrO3 
+ 0.0011 0.0045 - 00009g. Nd203 
+ 0.0009 0;00l6 - 00007g. Cr203 
From these determined weights of NdCrO 4 and NdCrO3 , the weight 
loss due to 02  evolution was calculated as 0.0039 + 0.00019. 
Therefore before reaction, weight of sample = 0.0901 0.0003g. 




ERRORS IN PERCENTAGES OF REACTIONS AND IN Nd AND Cr CONTENTS 
FOR THE REACTIONS Nd(CrO 1 ) 2 + 0.5 NdO 7 AT T= 620-500 °C. 
7o  Reaction 	I 	Total Nd Content 	 Total Cr Content 
max. 	 max. 	 mar. 	 max.. 








0530g. 0.0193 001819. 0.0191 001909. 
600 
+ 2.9 
93.3 - 2.1 
+ 4.9 
75.6 - 5.6 
0.0494 













560 .87.7 	U + 	7..5 83.7_66 0.0832 . 	00635g. 0.0756 00754g. 0.02314. 0.0934g- 0.0273 00271g. 





00621g. 00244 0 . 0196 g. 00226 0 . 0225g.. 
500 29.6 5.3 28.4 
- 
0.0629 
00530g. 0.0589 00586 g.. 	. 
0.0220 
0•0186 g. 0.0211 00210g. 
0.0713 ± 0.0002g. Nd2 (Cr04 )3 
W From Table XLII, % Nd20 	 + 4.9 3 reacted = 75.6 - 5.6 
0.0152g. Max. Nd 0 reacted 
0.0131g. min. 	2 3 
Nd203 can only undergo reaction with Nd2 (Gz,04 )3 
Therefore weight of Nd2(0r0) reacted with Nd20 	0.0576g. max. 
	
4 3 	 3 = 0.0498g. min. 
This reaction would form0.07079 max : NdCrO14. 
Weight of NdCrO3 determined in sample = 0.0388 + 0,0003g. 
0.01413 1 0.0004s. NdCrO decomposed, according 
to equation; NdCrO4 -> NdCrO3 + 0.5 02. 
Total NdGr0 formed in the reaction = 0.0318 + 0.0022 
- 00026g - 
(determined) + 0.0413 1 0.00049. (decomposed to form NdCrO 3) 
0.0757g. max. 
= 0.07019. win. 
But from W $ NdCrO4 formed by reaction = 0 . 0707g. max.  0.0611g. win. 
Therefore NdCrO4 formed by decomposition 
• 0.0757 - 0.06119. = 0.0146g. max. 
= 0.0701 - 0.07079. = 	0 	win. 
according to equation: 
(1.) Nd2 (Cr04 ) 3 	> 2 NdCrO4 + 0.5 Cr203 + 1.25 02 
Therefore weight of Nd2(Cr04) 3 decomposed 	=. 0.01789. max.  0 	min. 
- 0.0576g. max. But Nd2 (Cr04) 3  reacted - 0.0498g. min. 
Therefore total Nd2(Cr04 )3 reacted/decomposed 0.07549. max. 0.04989. win. 
Therefore unreacted Nd(Cr0 	 0.02179. max. 2 45 - 0 
Weight of unreacted Nd2(Cr04) 3 determined in the sample 
0.0045 + 0.0011 = 	- 00009 
Therefore within experimental error, the calculated and 
determined weights of unreacted Nd2(Cr04 ) 3 are in agreement. 
99. 
100. 
From equation (i), the calculated weight of Cr205 
0.0021 max. 
= 0 
Cr3O3 determined in the analysis 	 = 0.0o16:'g'gggg. 
Therefore the calculated and determined values of 0r203 are also 
in agreement, within experimental error. Therefore the results 
are self-consistent. 
The results of the reactions at temperatures of 560, 580 
and 6200C were also tested in this way and found to be self-t 
consistent. The error limits for the results shown above for 
calculated and determined values of chromic oxide also allow 
for the possibility that some of the chromic oxide formid by 
the decomposition of the chromate (Vi) may have undergone reaction 
with the neodymium oxide. Thi6 reaction would be feasible 
from the earlier work on the reaction of the oxides. 
The neodymium chromate (VI) present initially and the 
chromate (V) formed in the reaction both appear to undergo 
decomposition in this complex system. Therefore the decom-
positions of neodymium chromate (Vi) and chromate (V), both 
prepared from solution, were studied. The conditions were 
identical to those used for the reaction of the chromate (VI) 
with neodymium oxide described above, 
Decomposition of Ndp(Cr01; and NdCrO 1, for ill hours under 
flow in temperature range 620-500°C. 
Samples of the prepared neodymium. chromate (VI) and 
chromate (V) were heated at 620, 600, 580 0 560 9 51+0 and-500 0 C 
respectively for lit hours under oxygen flow in both pellet 
and loose powder form, Each sample was then finely ground and 
the percentage decomposition determined by chemical analysis. 
The results are shown in Table XLIII; the figures in brackets 
denote the extent to which the second stage of decomposition 
of the chromate (VI) has taken place. 
TABLE XLIII 
RESULTS OF DECOMPOSITION OF Nd 2(C 4j3 AND NdC 4 FOR 
T(°C) 
% Nd2(Cr04) 3 Decomposed %_NdCr0Decomposed 
Pellets Powder Pellets Powder 
.620 100(97.2) 100(27.2) 93.8 88.1 
600 100(68.2) 100(3.6) 31.4 2210 
580 100(12.5) 99.0 25.8 18.2 
560 44.5 33.6 5.8 3,4 
540 24.7 21.6 - - 
500 .0.0 18.8 - - 
At 5000 C the chromate (VI) had undergone ca. 20% 
decomposition. This increased with temperature to 100% at 
5800C. The pefleted samples had generally decomposed to a greater 
extent than the powdered samples. At 580 °C, in pellet form, 
the second stage of the decomposition had begun, with ca. 12% 
of the formed chromate (V) decomposed to neodymium chrowite. 
The second stage of the decomposition increased rapidly in the 
pellet form to 9716 at 620 °C; in powder form it was considerably 
slower. 
The prepared chromate (V) only began to decompose at 
5600C (ca. 6%) and increased to 94% at 620 °C in pellet form 
and to 88% in powder form. Therefore, the percentage decomposition 
of both chromate (VI) and chromate (V) increased with temperature, 
and pelletting of the samples slightly increased the amount aLt 
decomposition. 
loll 
Reaction of Nd2(CrOki; + 0.5 Nd22.Z (pellets) at 6000C for 
113 hours under -O ,  flow. 
This was essentially a repeat of the earlier reaction 
at 6000C in pellet form, but With reaction time of 113- hours 
here,as with the powdered samples in which chromate (it) was 
found. The reacted sample was analysed fully and the percentages 
of reaction and percentages of products were calculated. Again 
the soluble and total soluble chromium contents were the same 
(1.76%), indicating that there was no neodymium chromate (it) 
present. This chromium content represented 7.2% neodymium 
chromate (VI) in the sample (79.1% initially). The percentages 
of reaction were calculated as 91.016 Nd 2 (CrO,,) 3 and 65.3% Nd203 , 
showing that considerable decomposition of the chromate (VI) 
had occured. There was also 77.6% neodymium chromite in the 
sample. The results are similar to those of the first reaction 
at 6000C, with slightly less chromite present here, accounted 
for by the shorter reaction time. The results obtained here 
suggest that neodymium chromate (it) was formed both by reaction 
of the chromate (VI) with neodymium oxide, and by decomposition 
of the chromate (VI), as in the powder form at 600°C. However, 
in pellet form the neodymium chromate (V) appears to have under-
gone much more rapid decomposition to neodymium chromite. As 
in the powder form, the neodymium oxide could have reacted 
with chronic oxide which is formed by decomposition or the 
chromate (VI). 
Although the reaction of neodymium oxide with chromic 
oxide has already been studied in the temperature range 
630_5,000 under oxygen atmosphere without trace of any chromate 
(it), it was repeated at 580°c. The conditions used were 
identical, to those for the reaction of neodymium chromate (VI) 
102. 
103. 
with neodymium oxide at 580 0t, where neodymium chromate (V) is 
known to be formed. 
Reaction of the oxides at 580 0C for llhr. under 0 flow. z  
The 1:1 molar mixture of the oxides was reacted in powder 
form at 58000 for 113hz'. 0 and also for 12,21 and 29hz'. under 
oxygen flow. The samples were analysed, and the results are shown 
in Table XLIV. The analysis gave the iodometricafly determined 
and tots], soluble chromium contents as the same in each case, 
showing that chromate (VI) was present, with no trace of chromate 
(V), even at fairly long reaction times. Neodymium chromite was 
present at reaction time of 29 hours only, showing that even at 
5800c the chromate (VI) formed in the reaction of the oxides is 
more stable than neodymium chromate (VI) prepared from solution. 
X-ray powder diffraction and infrared absorption data 
were in agreement with that expected from the analysis results, 
and are shown in Table A XXVIII. 
TABLE XLIV 
e 	% Nd2(Cr04) 3 	% NdCr03 	j 	Tots]. 
113- 5.23 5.21 21.7 21.3 21.5 - - 	- 	21 .7 21.3 21.5 16.9 
12 5.40 5.39 22.1 21.8 22.0 - -. 	 - 22.1 21.8 22.0 17.5 
21 	5.93 5.93 24.1 24.3 24.2 - 	- 	- 24.l 24.3 24.2 19.7 
.29 	6.32 6.29 25.8 25.8 258 7.2 7.2 7.2 33.0 33.0 33.0 27.9 
(i) iodometrically determined (ii) total soluble chromium. 
The absence of neodymium chromate (V) at the reactionttimes 
studied indicates that the chromate (Vi) formed in the reaction 
does not react with unreacted neodymium oxide to form neodymium 
chromate M. The results also show that it did not decompose 
to form stable chromate (V) here, or at any temperature studied 
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in the range 800 - 35:OC. This includes temperatures where, under 
similar conditions,the prepared chromate (VI) has decomposed to 
chromate (V) and reacted with neodymium oxide with the formation 
of neodymium chromate M. 
Further work was now carried out on the solid state 
• formation of neodymium chromate (V), having established its 
formation at all temperatures studied in the range 500 - 620 °C. 
The reaction was studied. in pellet. form, at temperatures below 
• %0C in an attempt to obtain. 100%. formation of the chromate (V). 
• Pellets were chosen because the reactions at 600 °C showed thSt 
• pellets underwent considerably more reaction than the powder form. 
The reaction was studied at temperatures below 560 °C because the 
reactions in powder form showed no decomposition of the chromate (V) 
below this temperature. 
Study of the reaction (Nd.(CrO L + Q.5Nd 0 )_below 5600C (pellets). c 	4j- 	2-3 
The pelletted mixture of neodymium chromate (VI) and 
neodymium oxide in 2:1 molar ratio was reacted at several 
temperatures for various lengths of time in order to obtain 100% 
neodymium chromate (V) if possible. 
The reaction was studied at 5500C for 114, 16 and 20 hours 
respectively, 5400C for 22 hours, 5200C for 16, 40 hours and 
5270C for 40 9 60 hours. Each reacted sample was analysed and the 
results are given in Table XLV. The samples reacted at 520 0C for 
40 hours and 5250C for 60 hours were each re-ground and re-
pelletted after 16 and 40 hours respectively. 
At 5500C there was no decomposition at lower reaction 
times, but the percentage of chromate (V) was rather low. By 
increasing the reaction time the percentage of reaction increased, 
but decomposition began to take place before 100% formation of 
neodymium chromate (V) was obtained, The reaction at 540 0C for 
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22 hours also showed decomposition, but to a much lesser extent. 
TABLE XLV 
RESULTS OF REACTIONS OF Nd2(Cr04j3 + 0.5 
(PELLETS) BELOW 5600C UNDER 
%,-Reaction Products % 	Reaction 
T( °C) t(hr) NdCr04 NdCr03 Nd2 (Cr04) 3 Nd203 
550 111 43.1 - 46.1 42,6 
16 75.4 - 77.1 74.9 
20 . 	 58.1* 33.4 , 	 93.1 774 
540 22 81.7 2.4. 87.3 77.7 
525 40 76.9 - 78.4 .. 77.7 
60 89.6 - 90.8 88. 
520 16 46,9 - 48.9 46.5 
40 61.5 - 65.5 62.3 
525 70 100 - 100 100 
At 520 9 5250C, no decomposition was detected, even at 
reaction times of 40 and 60 hours respectively. In each case 
the effects of re-grinding and re-pelletting the sample after 
the initial length of heating, followed by further heating was 
to increase the percentage of neodymium chromate (V) considerably. 
The infrared absorption spectra and X-ray powder 
diffraction patterns of these reacted samples were measured 
and found to be in agreement with the data expected from the 
analysis results. The X-ray powder diffraction data are 
tabulated in Table A XXIX and the infrared absorption data 
in Table A XXX. 
Since reaction at 5250C for 60 hours, with regrinding 
and re-pelletting after 1*0 hours, resulted in the formation 
of Ca. 90% neodymium chromate (t), the reaction was studied 
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at 525 0C for 70 hours, with regrinding and re-pelletting after 
7j- and 24 hours respectively. The results are included in 
Table XLVI. 
Analysis of this reacted sample gave lodometricafly 
determined and total soluble chromium contents of 13.25% and 
19.80%, respectively, showing that only chromium in oxidation 
state 5+ was present. There was no residue, and for a sample 
of 0.0635g., the determined weight of neodymium chromate (V) 
was 0.0629g. A repeat of the reaction under identical, conditions 
gave similar results. 
The infrared absorption spectrum of the reacted sample 
is represented in Fig. XXX, together with the spectrum of 
neodymium chromate (V) prepared from the mixed nitrates of 
neodymium and chromium [Schwarz (1963)1.. The absorption maxima 
are compared in Table XLVI and found to be in very good agree-
ment. The X-ray powder diffraction pattern was measured, and 
the d spacings found to be in good agreement with the reported 
ones for neodymium chromate (V) 1 as shown in Table XLVII. 
Therefore, these physical measurements confirm that under 
these conditions the reaction of neodymium chromate (VI) with 
neodymium oxide in the solid state goes to completion, with 
the formation of 100% neodymium chromate (V). 
TABLE XLVI 
I.R. ABSORPTION MAXIMA FOR NdCrO4 PREPARED 
BY SOLID STATE REACTION. 
Observed Reported NdCr0 4 krepared from solution 
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di SPACINGS FOR NdCrOkPREPARED  IN THE SOLID STATE. 
Observed 	NdCrO '+ prepared from solution 
di zii 	4 
4.82 16 4.,80 28 
3.65 100 3.65 100 
2.912 ui 2.903 10 
2.714 60 2.714 70 
2.578 25 2.578 18 
2,276 24 2.276 iS 
1.929 16 1.933 12 
1.873 45 1.873 52 
1.826 20 1.824 18 
Therefore neodymium chromate (VI) prepared from solution 
undergoes solid state reaction with neodymium oxide, with the 
formation of neodymium chromate (V) 1 while the chromate (VI) 
formed in the solid state does not. This difference in reactivity 
may be due to one of three variables in the latter case, namely: 
The ratio of neodymium chromate (VI) to neodymium oxide, 
which is much lower in the reacted mixtures of the oxides, 
The presence of chromic oxide, which may affect the reaction. 
(in) The structure of the neodymium chromate (VI) formed in 
the reaction of the oxides, which may be different from the 
structure of the chromate (VI), prepared from solution. 
The effect of the first two variables on the reaction 
between neodymium chromate (VI) and neodymium oxide was investigated. 
Effect of the ratio of Nd(C j2:N&0 on their reaction at 525 02. 
In the reaction of the oxides already studied in the 
temperature range 500 - 600°C, the percentage of neodymium 
.O7. 
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chromate (VI) was generally in the range 10 - 3016 by we&ght. 
These two extreme cases correspond to ratios of Nd2(Cr04) 3:Nd203 
of ca. • 1*6 and 1:4 by weight. 
Mixtures of neodymium chromate (VI) and neodymium oxide 
in weight ratios of ca, li4 and 1:6 were prepared. A portion of 
each mixture was pefletted and heated at 5250C for 29k hours under 
oxygen flow, with re-grinding and re-pefletting after 73- and 24 
hours respectively. The reacted samples were analysed, and the 
results are shown in Table XLVIII. 
TABLE XLVIII 
EFFECT OF RATIO OF Nd ;(CrO ) ,2Nd0 ON THEIR REACTION AT 525 0C .-. 
FOR 29iHR. UNDER OJLOW. 
Ratio of 
N42(0r04) 3 :Nd203 
% Soluble 
Cr 




.1:4 4.06 4.72 44.6 10.1 
1;6 	. 2.63 3.45 71.7 12.4 
(i) iodonietrically determined (ii) total soluble Cr 
Effect of the presence of Cr 0,. on the reaction(Nd 2(Cr0 j,. + Nd Od. 
The remainder of the two unreacted mixtures of neodymium 
chromate (VI) and neodymium oxide were finely mixed with chromic 
oxide in quantities such as to give a Nd203 0 Cr203 molar ratio of 
ca. 1:1. The two mixtures were then pefletted and heated at 5250C 
for 293- hours under oxygen flow. The reacted samples were analysed 
and the results are given in Table XLIX. 
In each case the results show that all the neodymium 
chromate (VI) has undergone reaction. There was no decomposition 
observed, as shown by the absence of insoluble material. There 
were small quantities of chromate (VI) present (7 - 9%)- in both 
reacted samples, indicating some reaction between the oxides. 
The infrared absorption maxima and X-ray powder diffraction 
data were measured for each sample, and found to be in good 
agreement with that expected from the analytical results. The 
infrared absorption maxima are recorded in Table A XXXI and the 
A spacings in Table A XXXII. 
Knowing that neodymium chromate (VI) prepared from 
solution does react with neodymluip, oxide to form the chromate 
(V), the possibility of the converse reaction between neodymium 
chromate (V) and chromic oxide taking place under similar 
conditions was investigated. 
TABLE flIX 
EFFECT OF PRESENCE OF Cr293 ON REACTION OF Ndp(CrO). + Nd 3 
AT 5250C FOR 29311R. UNDER 0.. FLOW. 
Ratio Nd2(Cr04) 3 : % Soluble Cr %NdCrO % Reaction % Nda(CrO), 
Nd,O2 :Cr,O 2 	(i) (ii) formed INd,((rOJ, 	formed 
1:4;2.2 4.10 5.41 19.7 100 7.0 
1:6:2.5 3.75 1+.62 	1 13.0 1 100 	1 9.1 
(i) iodometricafly determined (ii) total soluble chromium 
Attempted solid state formation of Nd2(Cr04j3 
The possibility of forming neodymium chromate (VI) by 
a solid state reaction according to the equation; 
1.25 0 
2 NdCrO4 + 0.5 Cr203 	5- Nda(CrOk)3 
was investigated at 600°C. 
The two solids were mixed, then finely ground together. 
Approximately half was pelletted and the remainder left as 
powder. The pellets and loose powder were separated by a thin 
platinum partition in a platinum boat and hated at 600 0C 
for 113- hours under a continuous flow of oxygen. The two 
lO9 
samples were finely ground and analysed. In each case the 
total soluble chromium was 1.5 x ±odometricafly determined 
chromium content, indicating that no chromate (VI) was present. 
Considerable decomposition had taken place, 98.6% in pellet 
form and 84.8% in powder form, resulting in large quantities 
of neodymium chromite being termed. The determined quantity 
of chromic oxide in the sample analysed was in good agreement 
with the amount calculated from the initial, quantity present. 
Therefore, under these conditions, there was no reaction 
between neodymium chromate (V) and chromic oxide:, only 
decomposition of the chromate M. This was confirmed by the 
measured a spacings (Table A XXXIII) and infrared absorption 
maxima (Table A XXXIV). 
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DISCUSSION OF RESULTS. 
The analytical technique developed in this work has been 
described thoroughly in the results section and is discussed 
very briefly below 1 together with the physical measurements used 
qualitatively tcbidentify the components of the reacted samples. 
The results obtained for the percentages of products formed in 
the Mt3 -. Cr203 system at different temperatures, and under 
varying reaction conditions are then discussed in more detail. 
Finally, the section: on the solid state formation of neodymium 
chromate (V) is discussed, with an overall consideration of the 
solid -. solid reactions taking place in the M 20
3 - Cr203 system. 
The analytical technique consists of a number of established 
analytical methods for determination of the various components of the 
system. These have been modified and developed into one technique 
suitable for the com'plete analysis of reacted mixtures of 
neodymium and chronic oxides. Particular attention has been paid 
to the determination of the mean oxidation state of soluble 
chromium since an oxidised product,with chromium in an oxidation 
state greater than 3+,was formed in the system. In a number of 
reports on the MO - Cr203 system (e.g. 14=Cu,Mg) where a chromium 
(VI) compound is reported.; the oxidation state of chromium is 
taken as 6+ since Cr07  ions were detected in acid solution. 
Although no chromium (V) compounds of these particular divalent 
metals have been isolated, if a chromium (V) compound were Zoned 
as an intermediate in the MO - Cr2O3 system 
to CrOk2""  ions in acid medium by analogy to 
[sd older (192)]. Therefore in the present 
determining unequivocally the quantities of 
this would give rise 
the lanthanide case 
work, a method of 
6+ 	5+ Cr andcr In any 
sample, and therefore quantities of chromate (Vi) and chromate (V) 
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was considered eLssetial, and is described in the results section. 
The oxidised product formed in the Nd203 e Cr203 system was found 
to be the chromate (VI). The source of each component of a reacted 
sample determined by the analysis was known unequivocally from 
the analysis of various synthetic mixtures containing the various 
components that occur in a reacted sample (Tables XII & XV). 
The physical properties, ultraviolet and visible spectra, 
infrared spectra and X-ray powder diffraction patterns, were 
studied qualitatively for the reacted samples in an attempt to 
Identify the components of a reacted sample. The ultraviolet and 
visible spectra of neodymium chromate (VI) [Kirkpatrick (1966)] , 
neodymium chromate (V) [Pryde (1971)] and several lanthanide 
chromites [Pryde (1971)] have previously been discussed in detail. 
Comparison of the spectrumaof a reacted sample with those of 
neodymium chromate (VI) and chromate (fl (Fig.. XVIII) confirms 
that the oxidised material is the chromate (VI). The absorption 
maxima at 375 and 440 run, could not be assigned to any of the 
three known components of the sample, neodymium oxide, chromic 
oxide or neodymium chromite. They are in agreement with the t. 
maxima at 375 and 2440 um. reported [Kirkpatrick '(1966)] for 
neodymium chromate (VI). The remainder of the maxima in the 
spectrum of the reacted sample are in agreement with those of the 
known components determined in the analysis (Table XXVII). 
The infrared absorption maxima of reacted samples are 
generally in agreement with those expected from the components. 
determined by the analysis. The absorption maxima of chromic 
oxide and, to a lesser extent, of neodymium oxide are observed 
in the spectra of reacted samples where little reaction has taken 
place. With increasing reaction time (Table XXVI) at any one 
temperature, the spectral features in the region below 700 cC1 
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become predominantly those of neodymium chromite, those of 
chromic oxide gradually disappearing. This is in agreement with 
the variation of the quantities of chromic oxide and neodymium 
chromite determined by the analysts. Thus the spectra are in good 
agreement with the analytical data for most of the reacted samples. 
In the region 950 - 830 cm .1 in the spectra of an samples reacted 
below Ca. 760°C, a group of tour absorption maxima were observed. 
These are assigned to the oxidised material, already established 
as chromate (VI), as none of the known components absorb in this 
region. There was no absorption in the 800 - 700 cm 1 region, 
showing the absence of-neodymium chromate (V). The intensity of 
each of these tour maxima relative to one another was the same in the 
spectrum of each reacted sample. Only the intensity of the group 
of four absorptions relative to bands corresponding to other 
components of the sample varied from one spectrum to another. This 
suggests that the oxidised material is a single compound which 
varies only in its , relative quantity from one reacted sample to 
another. The relative intensity of this group of absorptions 
Increases with increasing percentage of chromate (VI) (Table XXVI). 
These four absorption maxima (Fig. XVI) are in the same frequency 
region as the two strong, broad absorptions at 935 ant 780 cC1 
reported for Nd2(Cr04) 3 [Darrie et a].. (1967)]. In the spectrum 
of neodymium chromate (VI) prepared from solution according to 
the method of Schwarz (1963), the absorption maxima were in 
fairly good agreement with those reported for other lanthanide 
chromates (VI), óg. praseodymium [Pryde (1971)1:0 samarium [rarrie 
(1967)]. The absorption maxima of neodymium chromate (VI) 
prepared from solution in this work i6 compared with those 
reported for Sm2(Cr04) 3 [Darrie (iy<)], Pr? ( 	[Pryde (1971)] 
and Nd2.(CrOk) 3 
[Darrie et al.(1967)] in Table LI. 
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a 
The absorption maxima reported [Darrie et a.1.(1967)] for 
magnesium chromate (VI) are also included in Table LI because 
the bands in the spectra of the  lanthanide chromates (VI) have 
been assigned [Darrie et al.(1967)Pryde (1971)] by analogy to 
those of magnesium chromate; some of these assignments are 
included in Table LI, 
TABLE LI 
I.R. ABSORPTION DATA FOR SEVERAL CHROMATES (VI). 
(Cr0) 3 prepared Nd2(Cr04)3 Sm2(0r04) Pr2(CrO4 ) 3 MgOrO4 
1000w. 1000w,8b, 1005m. 101Ow.sh, 
985s. 
962s. 
935s. 935s.b. 955s. 940s. 932s, 
900m. 900ig.eb. 
868m.b. 865w.sb. 860m. 870s. 
835m. 
812s. 
798m.,sh. 780s.b. 775s.b. 790a.b, 
723s. 
455m. 455m, 455m. 455w. 445m. 
435w. 1+35w. 432m. 435m. 
The structures of the lanthanide chromates (VI) are 
unknown, but by analogy to magnesium chromate which has the 
CrVO4 structure [Brandt (1943)], the bands at ca. 1000 cm-1 
and 790-775 cm-1 were assigned to anion-anion coupling 
[narrie (1967)] . This anion-anion coupling postulated by 
Darrie (1967) arises from the structural properties of the 
absorbing species. In MgCrO4 (known structure), there are 
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rows of chromate tetrahedra which give a likelihood of this 
anion-anion coupling. The absorption maxima of all reacted 
samples of the Nd 2 0 - Cr 203 system are in the same frequency 
region as those reported for Ln2 (Cr04) 3 , but differ from those 
of Nda(CrOk))  prepared from solution, notably in the absence 
of the bands assigned to anion-anion coupling. A possible 
explanation for this difference in the infrared spectra is 
that the chromate (VI) formed in the reaction of neodymium 
and chromic oxides in the present work differs atructurely from 
the Nd2(Cr04 ) 3 prepared from solution; there is no evidence 
from the spectrum of anion-anion coupling, which is associated 
with chains of chromate tetrahedra. The infrared absorption 
spectrum of Cr03 [Campbell (1965)] which has a strong absorption 
at ca. 935 cm and a medium absorption at ca 895 cw t only, 
is strong evidence that Cr0 3 is not present, at least in any 
significant quantity 1 in the reacted samples. 
Therefore, the infrared absorption spectra of reacted 
samples did not give conclusive evidence of the nature of the 
chromium 4SJI) compound of neodymium formed in the reaction. 
However, in conjunction with the analysis results, it indicated 
that neodymium chromate (VI) was present, and that the structure 
of this material may be different from that of neodymium chromate 
(VI) prepared from solution. 
The X-ray powder diffraction patterns for many of the 
reacted samples were poorly defined with lines which were 
difficult to distinguish from the background. This effect 
may be due to the size of the crystallites. In the MgO - Cr203 
system it is reported [Haber and Hanumanlu (1969)] that the 
MgO lines are not observed at lower reaction temperatures. 
This was accounted for by assuming that the first step in the 
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reaction was the formation of a thin layer of chromite over 
the surface of thé MgO grains, obscuring them from the X-rays. 
This layer of chromite was too thin to show up in the X-ray 
pattern. By analogy to the MgO - Cr 203 system, it is suggested 
that in the Nd 203 - Cr203 , the reactant particles become covered 
with a thin layer of the reaction products This is discussed 
In more detail later. Some of the reacted samples, however, 
do show more intense lines, and Table XXV gives a comparison 
of the dR spacings of a reacted sample (650°C for  5 hours) with 
those of the known components (Nd203 , Cr20, and NdCrO3) and 
also of neodymium chromate (Vi) and chromate M. In summary, 
the X-ray patterns, although indicative of neodymium chromate(VI) 
rather than chromate (V), did not allow definite conclusions tto 
be drawn about the nature of the oxidised product. 
The percentages of products and percentages of reaction 
were calculated on the basis that the oxidised material was 
neodymium chromate (VI). This is in agreement with the analogous 
La2O - Cr203 system, where the formation of lanthanum chromate 
(VI) is reported [mzbsnchick et a].. (1968)]. The identity ofthe 
lanthanum chromate (VI) is reported to be established by chemical 
analysis and infrared spectroscopy, but no details are given. 
The reaction of the oxides was studied under argon and 
oxygen atmospheres to establish the source of oxygen which is 
taken up in the formation of the chromate (VI). This oxygen is in 
excess of the weight of sample before reaction, as reported 
outscdck et a].. (1966)] for the MgO - Cr2Q3 system. Since 
no reaction was found to have taken place under argon at 660°C 
or 1008C for 3 hours., the following conclusions were drawn: 
(a) The chromate (VI) is formed only in the presence of 
oxygen and involves the uptake of this external oxygen in the 
oxidation process, resulting in the formation of the chromate(VI). 
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(b) The chroutLte is only formed through the chromate (VI) at 
temperatures up to 10000C, and is not formed by interaction of 
the oxides according to the equation; 
Nd205 + 0r203 	>- 2 NdCrO3 
as reported [Schneider et al.(1961) ; Pavlikov and Tresvyatskii 
(1966)] at high temperatures. 
Therefore in this system, neodymium chromate (VI) is an 
Intermediate reaction product in the formation of neodymium 
chromite. This is in agreement with the results reported [charcosset 
n al.(1964)] for the MgO - Gr203 system where magnesium chromate 
is formed as a reaction intermediate in an oxygen-rich atmosphere. 
However, since the neodymium chromite cannot possibly be formed 
by direct combination of the oxides, then the reaction cannot be 
classed as autocatalytic, in contrast to that reported [charcosset 
at al.(1962)] for the CuO - Cr203 and MgO - Cr203 systems. According 
to Charcosset et al.(1962) the magnesium chromite, MgCr2O4, and 
magnesium chromate, MgCrO4, are formed initially according to 
equations (i) and (ii) below:- 
(I) MgO + Cr203 	> 
(ii) 2 MgO +• Cr203 + 1.5 02 	>- 2 MgCr04 
The magnesium chromate decomposes to the normal chromite through 
a basic chromite, }1g2Cr205, and its' rate of decomposition is 
increased by the presence of the chromite, which hinders the 
inhibiting effect of chromic oxide by virtue of its' presence 
between 148CFO4 and Cr203 particles. In the present work, there is 
no evidence for this type of mechanism, orfor the presence of any 
basic chromite from chemical analysis or physicsl properties of 
the reacted samples. 
The results of the reactions carried out under an oxygen 
atmosphere show the percentage products formed to be greater than 
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in air. This is due to the increase in the partial pressure of 
oxygen which participates in the reaction. In the MgO - Cr2O 
system it is reported [Leonov (1960)] that at temperatures up 
to 10060C the quantity of magnesium chromite formed increases with 
increase in the oxygen concentration in the gas phase, This effect 
has been accounted for by the fact that at these temperatures, 
chemical adsorption of oxygen is observed [Weller and Voltz (195010 
resulting in the formation of surface oxygen compounds of chromium 
In which chromium has an increased valence. A similar type of 
reaction is thought to take place in the Nd203 - Cr203 system, 
with the initial stage of the reaction involving the adsorption 
of atmospheric oxygen onto the surface of the chronic oxide to 
form a chromium (VI) compound. This initial reaction is discussed 
in more detail later. 
It has also been suggested that in the MgO - Cr 203 system 
[Deren and Haber (1966)] the initial stage of the reaction 
involves the covering of the surfaces of the magnesium oxide 
particles by chromic oxide, followed by oxidation of surface 
chromium (III) to chromium (IV) as MgO.Cr0 2. As no chromium (IV) 
compounds of the lanthanides are reported in the literature., this 
mechanism is very unlikely for the Nd203 - Cr203 system. The 
presence of any Cr (IV) is ruled out by the analytical results, 
particularly in the reactions at low temperatures (Table XXX), 
600 - 3500C, where no decomposition of the chromate has takers 
place, and the mean oxidation state of soluble chromium is 6+. 
Also, the infrared spectra of reacted samples are fully assigned 
to known components, with no maxima of unaccountable source. By 
analogy to the infrared spectra reported [Campbell (1965)] for 
the series of barium chromates, where the chromium - oxygen 
stretching frequency is lowered by a lowering of the valency of 
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chromium, we could reasonably expect chromium (IV) compounds of 
the lanthanides to absorb in the region below Boo cC1. In the 
spectra of reacted samples, there is no absorption below 800 cC1 
which could be assigned to the oxidised materiel. 
Raving established that the chromite is formed .through the 
chromate (VI), then obviously chronic oxide can undergo mittsl 
reaction with neodymium oxide, and can also, be re-formed in the 
formation of the chromite:- 
Nd2(Cr04)3 	> 2 NdCrO3 .+ 0.5 Cr203  + 2.25 02. 
This re-toned chromic oxide can presumably undergo reaction again 
with unreacted neodymium oxide. In contrast, neodymium oxide can 
only undergo reaction once,and for this reason the percentage 
reaction was followed in each case by considering the percentage of 
neodymium oxide reacted, together with the percentages of products 
formed. 
The effects of temperature and reaction time on the formation 
of reaction products are represented in Figs. V,VI,IX-XIX for 
temperatures in the range 630 - 760°C. The results for reactions 
at 660 and 675°C are less accurate than the others as they were 
studied as part of the development of the analytical technique. 
The results for each series of reactions show that the chromate (VI) 
is present in every sample reacted at 630, 650, 680, 685, 720 and 
7600C;: the chromite is also present in most samples. At each 
temperature, the percentage reaction versus time curves follow 
the general trend reported for the majority of solid-solid reactions 
of oxides, namely a rapid initial formation of products followed 
by a steady slowing down of the reaction. The variation of the 
percentage reaction of neodymium oxide with reaction time at each 
of the temperatures studied is of very similar shape to the 
percentage magnesium oxide reacted versus time curve reported 
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[charcosset et al.(1964)] for the MgO Cr 203 system. The curves 
of percentage chromate and percentage chromite versus time are 
generally very similar to that reported [1ubinchick (1968)] for 
the La a03 - Cr203 system. The variation of percentage total 
products with reaction time for the Nd203 - Cr203 system is in 
fact very similar to the variation of percentage chromite, not 
total products, versus time reported [charcosset at al.(1964)J 
for the MgO - Cr203 system. This suggests that the reaction 
mechanism for the Nd203 - Cr203 system is different to that for 
the MgO - Cr2O3 system. This conclusion is supported by the fact 
that the toner is not autocatalytic, while the latter is 
[charcosset et al.(1962)]. 
In the Nd203 - Cr203 system the variation of percentage 
chromate (VI) with time curves generally show a rapid initial 
Increase from zero to a maximum at a relatively short reaction 
tine; this maximum is generally attained at decreasing reaction 
time with increasing temperature. The maximum is immediately 
followed by a rapid decrease, which quickly slows down with 
further reaction time, and in some cases practically levels off. 
It was noted that this variation of percentage chromate (VI) with 
time is generally very similar to the variation of percentage 
chronic oxide oxidised with time reported j:Charcosset  et at. 
(1962)] for chromic oxide alone at 580°C. This suggests that in 
the Nd203 - Cr203 system, the formation of the chromate (VI) may 
be dependant upon the rate of oxidation of surface chromic oxide, 
which is probably the initial stage of the reaction. However,it 
must be kept in mind that the chronic oxide used in the present 
work was green chronic oxide pre-ignited at 1000 0  C. It was therefore 
probably in a considerably less reactive state than that used by 
Charcosset et .al.(1962) , which was prepared by decomposition 
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of ammonium dichromate. 
The highest percentage of the chromate (VI) formed in 
each series of reactions increased with increasing temperature 
from 35Q 0Q to a maximum at 6500C, followed by a decrease with 
further increase in temperature. At temperatures below 630 0C, 
although the reactions were studied at one reaction time only 
(Table XXX) and were therefore not necessarily the true maximum, 
the trend is of increasing maximum percentage chromate (VI) with 
Increasing temperature. This effect was also reported [Haber and 
Hanumanlu (1969)] for the MgO - Cr203 system. On investigating 
the initial reaction, namely the formation of magnesium chromate, 
Haber and Hanumanlu (1969) concluded from results of total. Cr 6 
ions and excess positive charges, that the majority of the hexa-
valent chromium ions are not in the form of MgCrO 4, but are due 
to the surface oxidation of chronic oxide. This led to the 
following mechanism being proposed for the MgO - Cr203 system. 
The chromic oxide grains are first oxidised at the surface 
to chromium trioxide, which is then transported to the surface of 
the magnesium oxide tn~n4nd there reduced again to chromic 
oxide. This chronic Oxide then undergoes reaction with magnesium 
oxide to form a layer of magnesium chromite, 14sCr2040  In the 
Nd203 - Cr203 system a modifiJd version of this mechanism fits 
best the experimental, results. It would appear that the initial 
formation of chromium trioxide on the surface of the chromic 
oxide grains, followed by rapid transport of the chromium 
trioxide to the surface of the neodymium oxide grains is feasible. 
Chromic oxide is reported [Hulbert et al.(1968)] to be the major 
diffusing species below 1200 0C in the MgO - Cr203 system, with 
the vapour pressure of chronic oxide being too low below 1200 0C 
to permit a significant amount of mass transport of chromium in 
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the gas phase. This is further evidence that in the presence of 
oxygen, the chromium can be transported much more rapidly to 
the surface of neodymium oxide particles in the form of chromium 
trioxide, which is much more volatile than chromic oxide. Also, 
the work of CharcOsset (1962) shows that chromic oxide can be 
oxidised fairly readily at temperatures in the region studied 
here. 
However, it is unlikely that in the Nd203 - Cr203 system, 
the chromium trioxide on the surface of the neodymium oxide 
grain undergoes deccmpoeition to chronic oxide, followed by 
roaction of the oxides according to the equation: 
Nd203 + Cr203 	> 2 NdCrO3 
since the chromium (VI) content of the reacted samples is in 
the form of neodymium chromate (VI), not chromium trioxide. It 
has already been established that the two , oxides do not undergo 
direct combination. Therefore the chromate (VI) is formed at 
the surface of the neodymium oxide particles by reaction of 
neodymium oxide with the chromium trioxide. The neodymium 
chromite has already been established as forming by decomposition 
of this neodymium chromate (VI). Therefore, after transport 
of chromium trioxide to the surface of the neodymium- oxide 
particles, its subs equentpapid reaction with neodymium oxide 
to form neodymium chromate (Vi) according to the following 
equation is a more plausible mechanism. 
Nd203 + 3 Cr03 	> Nd2(Cr04 ) 3 
The fact that Nd2(CzO4)3 is formed in this way may account 
for the possible difference in structure to that prepared from 
solution. Although this particular method of forming neodymium 
chromate (VI) is not reported in the literature, it is very 
similar to that reported [schwarz (1963)) for the preparation 
of lanthanum chromate (VI), namely 
3Cr03 +2La(NO3 ) 3+aq. 	> La2(cr04)3* (oN1O4 Cj, 
It is reported [Udupa et a].. (1970)1 that cadmium chromate (V.1) 
Is prepared in the solid state by grinding together equimolar 
mixtures oil cadmium oxide and chromium trioxide. This illus-
trates the ability of chromium trioxide to form chromates (VI) 
with metal oxides readily, even under mild conditions. 
The infrared spectrum of reacted samples show no evidence 
of the presence of chromium trioxide as already discussed. This 
absence of chromium trioxide agrees with the mechanism put 
forward here for the rapid formation of neodymium chromate (VI); 
the transport of chromium trioxide to the surface of neodymium 
oxide particles should also be rapid at the temperatures studied. 
Also, by analogy to the CdO - Cr03 system [udupa (1970)], the 
reaction of chromium trioxide with neodymium oxide can be 
expected to take place readily at the temperatures studied. The 
rate determining step is therefore probably the oxidation of 
surface chromic oxide to chromium trioxide. This is in agreement 
with the similarity of the variation of percentage chromate (VI) 
with reaction time (Fig. XV) to the variation of percentage 
chromic oxide oxidised with time, reported [charcosset et a].. 
(1962)] in the literature. 
The variation of percentage neodymium chromite with time 
at the various temperatures studied is now discussed with a 
view to proposing a mechanism for the formation of the chroinite 
from chromate (VI). Obviously at any temperaturelp the amount 
of neodymium chromite formed is dependant on the rate of 
formation of the chromate (VI). The chromate (VI) is formed 
at temperatures as low as 3500C (Table XXX), but neodymium 
chromite is only found at temperatures greater than 600 0C. At 
12,3. 
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600°C, even with a reaction time of 17 hours, there is no trace 
of chromite, although ca. 20% of chromate (VI) is present. This 
indicates that the chromate (VI) is stable up to temperatures 
of around 600°C., which is considerably higher than the thermal 
stability of neodymium chromate (VI) prepared from solution. 
The results of the decomposition of Nd2(CrOk))  prepared from 
solution (Table )LIV) show 20% decomposed on heating at 5000C 
for ilk hours. As the temperature increased above 600°C, small 
amounts of chromite are formed, but only at temperatures of 
around 650°C are significant quantities found. The effects of 
reaction time on the percentage of chromite formed at temperatures 
in the range 630-760°C are shown in Figs XV1.1 and XIX. 
Generally at low reaction times, eg. t= hour, there is only 
small amounts of chrornite. As the percentage chromate (VI) 
tends to its maximum the rate of formatian of chromite begins 
to accelerate from ca. zero in most cases. After the maximum 
percentage chromate (VI) has been passed, the rate of formation 
of chromite continuously slows down, and eventually tends to 
level off at high reaction times. This levelling off of the 
percentage chromite coincides with the levelling off of the 
percentage chromate (VI) after the maximum has been reached. 
Since the acceleration of the rate of formation of chromite 
is coincident with the period of most rapid decrease in 
percentage chromate (VI), then this decrease in percentage 
chromate (VI) is attributed to the increase in the rate of 
decomposition of the chromate (VI) to the chromite. 
The decomposition of the chromate (VI) as well as 
being dependant on temperature, is also highly dependant on 
the rate of formation of the chromate (VI). It is not possible 
therefore, to determine quantitatively the rates of formation 
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or or decomposition of the chromate (VI) from the results 
obtained here. However, qualitatively, certain conclusions 
can be drawn from the results, concerning the relative rates 
of the two reactions. In the temperature range 5O-760°C, 
the amount at total products formed at any one reaction time 
increases continuously with increasing temperature. Since 
the formation of neodymium chromite is dependant on the initial 
formation of the chromate (VI), then the rate of formation of 
the chromate (Vi) increases continuously with increasing 
temperature. The amount of chromate (VI) present at any one 
neaction. tmc decreases continuously with increasing temperature 
above ca. 650°C, showing that the rate of decomposition, which 
commences at about 6000C, increases continuously with increasing 
temperature. This is also shown by the fact that the reaction 
time at which the maxtw.rn percentage chromate (VI) is found 
decreases with increasing temperature; this fact also sucgette 
that once decomposition begins, the rate of-decomposition 
increases more rapidly with temperature than does the rate of 
formation of chromate (VI). This is particularly noticeable 
at 760°C., whore the amount of chromate (VI) present is low, 
even at reaction time of 4: hour, while the amount of total 
products is greater than at lower temperatures. 
The decomposition of the chromate (VI) to form 
neodymium chromite is now considered. It is reported 
[Kirkpatrick (1956)] that the decomposition of neodymium chromate 
(VI) is a two stage reaction, and the first stage has an 
initial acceleratory period with formation of a layer of 
product on the surface of the reactant particles. This is 
followed by a deceloratory period due to the movement at the 
reactant/product interface into the particles. In the preaent 
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system, it is more difficult to define acceleratory; and 
deceleratory regions due to the complexity of the system, but 
generally the reaction appears to accelerate initially, 
followed by a rapid slowing up of the formation of products. 
Further evidence for a different structure of the 
chromate (VI) formed in the Nd203 - Cr203 system is obtained 
from considerations of the decomposition of neodymium chromate 
(VI) prepared from solution. According to Kirkpatrick (1966), 
the decomposition is a two stage reaction, namely: 
1. NdE(CrOk)3 	> 2 NdCrO4 + 0.5 Cr203 + 1.25 02 
2, 2 NdCr0 4 -> 2 NdCrO3 + 
From results [narrie (1967)] of fraction decomposed versus 
time for the second stage of the reaction at various temperatures, 
it would be reasonable to expect some chromate (v) to be present 
in the reacted samples studied here at reaction temperatures 
of around 6000C. However, only Cr (VI) is detected at any 
of the temperatures studied. A study of the decompositions 
of both neodymium chromate (VI) and chromate (i) in this 
work (Table )LIV) shows that at temperatures up to 620 0C, for 
reaction times of 113- hours, there is considerably less 
rapid decomposition of the chromate (1) than of the chromate 
(VI). Therefore, the fact that the decomposition of the 
neodymium. chromate (VI) formed in the Nd 203 - Cr203 system 
appears to be a single stage reaction, could be accounted for 
by the difference in its structure in this case. Also, the 
presence of chronic oxide may have some effect by analogy 
to that reported [charcosset et a].. (1962)] for the decomposition 
of magnesium chromate. 
In the decomposition of neodymium chromate (VI), 
prepared from solution (Table XLIV), there is a considerable 
percentage decomposed on heating for 11 hours at 500 0C (20%); 
this increased to ca. 100% at 580 °C, with 12% of the second stage 
decomposition taking place too. In the Nd203 - Cr203 system, 
the chromate shows no sign of decomposition up to 600 °C, even 
with longer reaction times (eg. 6000C for 17 hours; 5500C for 
26 hours). These results show that the chromate (VI) formed 
in the solid state reaction between Nd203 and Cr203 is of 
higher thermal stability than neodymium chromate (VI) prepared 
from solution. 
As mentioned earlier in the discussion, the structure 
of the lanthanide chromates (VI), although unknown, was 
postulated Parris (1967)] to be similar to that of .14gCrO 40 
 
namely having chains of chromate (VI) tetrahedra. This was 
concluded because of similarities in their infrared spectra 
(already discussed) and their thermal stability. A single 
electron transfer from coordinated oxygen to chromium within 
the chromate (VI) group was thought to be the activation 
process [Dan-ic (1967)] for the decomposition of lanthanide 
chromates (VI). The energy of this transfer was measured by the 
energy of the t1._.ae charge transfer band in the ultraviolet 
and visible spectrum of the chromate (VI). On this basis it was 
expected that all chromates (VII) would decompose around the same 
temperature since the position of the charge transfer band would 
not vary much from one chromate (VI) to another. However, the 
lanthanide chromates (VI) and magnesium chromate (VI) were found 
to be less thermally stable than the chrowates (VI) of the 
alkali, and alkaline earth metals. Therefore, it was postulated 
that the similarity of thermal stability of magnesium and 
lanthanide chromatee (VI) could be accounted for by their similar 
structures, already shown by their infrared spectra. Magnesium 
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chromate has the GrVO4 structure [Brandt (1943)] in which there 
are chains of chromate (VI) tetrahedra, through which the activ-
ation process can be transmitted to the surface of the particle 
where decomposition takes place. In the thermally more stable 
chromates (VI) where the chromate (VI) anions are separated from 
one another by the large cations, the activation process, although 
the same, cannot be transmitted to the surface. The chromate (VI) 
formed in the Nd203 -. 0r203 system i.e thought to be structurally 
different from the chromate (VI) prepared from solution, with. 
no anion-anion coupling, as shown by the infrared spectra. The 
absence of anion-anion coupling can be related to the absence of 
chains of chromate (VI) tetrahedra, which would account for 
greater thermal stability. 
Therefore the decomposition of the chromate (VI) formed in 
the Nd203 system takes place by a mechanism different from that 
proposed for normal lanthanide chromates (VI). The mechanism is 
therefore not of energy transfer through the crystal by exchange where 
requirements include good orbital overlap between neighbouring 
chromate (VI) groups to allow exchange of energy. 
In the decomposition of lanthanide chromates (V) [Pryde 
(1971)] to lanthanide chromites, the one electron transfer 
activation process is the same as for the chronates (VI), but the 
mechanism of transmission of this energy to the surface is different. 
It appears that the presence of the Lu>"  ion between neighbouring 
chromate (V) groups keeps them sufficiently far apart for there 
to be little or no orbital overlap between them, making energy 
transfer by exchange unlikely. The energy is postulated to be 
transferred from the chromate (V) group to the nearest lanthanide 
ion, followed by transmission to the surface along rows of 
lanthanide ions. Finally the energy is transferred back to a 
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surface chromate Cv) group, which then decomposes. 
Perhaps a similar type of decomposition mechanism 
occurs with the chromate (VI) formed in the Nd 2  0 - 
system since its thermal stability is more like that of 
neodymium chromate (v) than of neodymium chromate (vi). It 
is hi;hly unlikely, however, that the chromate (vi) formed 
in this system would have this zircon structure of NdCrO 4 , 
although their thermal stabilities appear to be similar, and 
so their decompositions probably occur by a different mechanism. 
The actual mechanism of decomposition cannot be accurately 
concluded from the results obtained in this work, due to the 
complexity of the system. The activation process for the 
decomposition of the chromate (VI) is probably the same here 
as for the Nd2 (Cr04 ) 3 prepared from solution; the absorption 
maximum at 375 urn, in the ultraviolet and visible spectrum of 
the reacted sample, which could only be assigned to the 
chromate (VI), corresponds to the t 1 	> 2e first charge 
transfer band reported [varrte et al. (1967)] for neodyflum 
chromate (VI).. Therefore only the means of propogation of 
this energy to the surface of the chromate (VI) layers is 
different, and cannot be concluded with accuracy here. The 
possibility of only very thin layers of chromate (VI) being 
formed round the neodymium oxide particles, suggested earlier 
to account for the X-ray diffraction lines of some reacted 
samples being very weak, is not in agreement with the 
relatively high thermal stability. If the layers were very 
thin, the problem of transmission of the activation energy 
to the surface would not arise, as there would effectively 
be only a surface layer, and decomposition would take place 
readily. However, perhaps the presence of chromic oxide 
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inhibits the decomposition of the neodymium chromate (VI), 
as reported [charcosset (1962)] for the decomposition of 
MGrO. The analysis results give no information on the 
possible thickness of the layers of chromate (VI) surrounding 
neodymium oxide particles, as this would not affect the 
determination of the unreacted neodymium oxide , due to the 
high solubility of the chromate (VI) in dilute acid. The weak 
lines on the X-ray patterns are probably due to the presence 
of thin layers of neodymium chromite formed by decomposition 
of the chromate (VI). The samples which show very weak lines 
all contain neodymium chromite in relatively small quantities, 
The analysis results indicate that a tight. impenetrable sphere 
of neodymium chromite cannot possibly be formed round the 
neodymium oxide particles, as this would prevent the neodymium 
oxide being dissolved. This is in contrast to the behaviour 
reported [Haber and Hanumanlu (1969)] for the MgO - Cr203 
system. However, the results do not, exclude the possibility 
of thin penetrable layers,or of small partióles of neodymium 
chromite forming around the neodymium oxide particles. 
The slowing up of the formation of total products with 
time following the initial acceleratory period coincides with the 
formation of significant quantities of neodymium chromite. This 
may be due to the formation and growth of particles of neodymium 
chromite In contact with, or in close proximity to the neodymium 
oxide particles as discussed above,hindering transport of the 
chromium trioxide to the surface of the neodymium oxide particles, 
As the concentration of neodymium chromite builds up, the decel-
eratory process increases, with an eventual levelling oft of 
the percentage total products versus time curves. 
In summary, it is concluded that the formation and 
subsequent decomposition of neodymium chromate (VI) are 
completely interdependant, resulting in a complex reaction system. 
The initial, reaction was established as the formation of the 
chromate (VI), and a mechanism proposed, involving initial 
oxidation of chromic oxide to chromium trioxide. This oxidation 
was followed by transport of Cr0, to the surface of neodymium 
oxide particles, where reaction took place with formation of 
neodymium chromate (VI). From the infrared spectra and thermal 
stability, the structure of the neodymium chromate (VI) was 
thought to be different from that prepared from solution. The 
neodymium chromite was known to be formed by decomposition of 
the chromate (VI), but because of the complexity of the system, 
the mechanism of this decomposition could not be concluded 
with certainty. 
A study of the reaction of the oxides was also studied 
at temperatures greater than 760°C to investigate two features: 
In the solid state preparation of neodymium chromite 
where no chromate (VI) is detected, the conditions essentialZy 
only differ in reaction temperature from those studied in the 
present work, 
In the reactions discussed so far, 350-760°C, the 
quantities of chromate (VI) present in the reacted samples 
showed a continuous decrease from 650-760°C, with only small 
quantities found at 760°C (ca. 5% maximum at t= hour). The 
percentage chromite was found to increase continuously with 
increasing temperature from 630_76000, showing an increase in 
the rate of formation of chromate (VI) coupled with a greater 
increase in the rate of its decomposition with increasing 
temperature, 
The series of reactions of the oxides carried out at 
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constant reaction time in the temperature ranges 760-8800C 
(T-able XXII) and 840-9500C (Table XXIII) showed the expected 
further decrease in percentage chromate (VI) to zero at Ca. 
8800C. However, the expected increase in percentage chromite 
was not observed, and in fact a considerable decrease in total 
products from 760-840°C was found (Table nil). This was tot-
towed by a continuous, but very slow, increase from 840-950°C 
(Table XflhI). Therefore the rate of formation of the chromate 
(VI) must be reduced considerably at about 800°c, since, 
neodymium chromite is only formed through the chromate (VI). 
Since the chromate (VI) appears to be decomposed as fast-as 
it is formed, then it is concluded that the rate of decomposition 
is not affected here. The series of reactions of the oxides 
at 9000C (table XXIV) shows that there is no trace of chromate 
(VI), even at reaction time of 1hour; the variation of 
percentage chromite with time (Fig.. XV) is similar to those 
of percentage total products witlitime at lower temperatures 
where chromate (VI) is present. This suggests that the 
decomposition of the chromate (VI) possibly occurs by the same 
mechanism as at lower temperatures, and therefore the nature of 
the intermediate is probably unaltered. However, the rate of 
formation of the chromate (VI) is considerably lowered from 
760 to 8000C, and only increases very slowly with further 
increase in temperature. This is indicative of a change in 
reaction mechanism for the formation of the chromate (VI), 
and the two different mechanisms appear to overlap around 
800-840°C. 
The effects of varying the reaction conditions, namely 
temperature, reaction time, atmosphere and the form of the 
mixture of oxides was studied in the temperature region 350- 
8000C only, and the results discussed below. 
The effect of a pure oxygen atmosphere, in the form of 
a continuous flow of oxygen, was to give a general overall 
increase in percentages of products with time. This shows an 
increase in the rates of formation and decomposition of chromate 
(VI). This is expected since atmospheric oxygen is known to 
take part in the rate determining step,formation of chromium 
trioxide, The effect of increasing the partial pressure of 
oxygen in the atmosphere is known [Leonov (1960)] to increase 
the rate of formation of magnesium chromite in the MgO-Cr 203 
system. One interesting aspect of the results of the reactions 
carried out in oxygen (Table XXXI) is the high percentage 
of neodymium chromite at 600°C where, in air, none was found. 
At higher temperatures the percentage chrotnite is greater in 
02 than in air, although the increase is rather inconsistent. 
The decomposition reaction appears to be enhanced in an oxygen 
atmosphere, although the more rapid formation of the chromate 
(VI) will probably have some effect too. The rate of flow of 
oxygen was not controlled, and ,was therefore the one variable 
in the reaction conditions. This could account for the incon-
sistency in the increase in percentage neodymium chromite in 
oxygen over that in air. 
The effects of pelletting the mixture of the oxides, 
and of pellet size on the reaction of the oxides are shown in 
Tables XXXIII and XXXII respectively. In pellet form at 680° C 
for 2 hours under oxygen flow, the percentage chromate (VI) 
is less than in powder form, while the percentages of chromite 
and total products are greater. It is concluded that in 
pellet form, since the total products is greater, the rate 
of formation of chromate (VI) is greater; and since percentage 
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chromate (VI) is less, the amount of decomposition of the 
chromate (VI) is treater. The increase in total products is 
possibly due to the reactant particles being in closer 
physical contact with each other, making the transport of the 
chromium easier and therefore increasing the rate of formation 
of the chromate (VI). The increase in the amount of chromite 
may be due to the more rapid formation of the chromate (VI), 
allowing decomposition to take place more readily. 
Decreasing the pellet size, or more precisely, increasing 
the surface area/weight ratio of the pellets was expected to 
give an increase in percentage total products, as the oxidation 
process was thought likely to take place on the pellet surface. 
However, results show that at 5200C the percentage total 
products were the same, while at 6500C there was a decrease 
with increasing surface area : weight ratio. That the oxygen 
penetrates the pellet easily and can form the oxidised chromium 
at all chromic oxide particle sites throughout the pellet 
would account for the fact that no increase in percentage 
total products was observed. The decrease observed at 650° C 
could only be accounted for by the possible large effect of the 
rate of flow of oxyen on the rate of the reaction. The 
results discussed earlier for the powder and pellet form show 
that the oxidation process is not confined to the surface of 
the mixture of the oxides. This would lead to a much greater 
percentage products in powder forms than in pellet form due 
to the much greater surface area, contrary to the observed 
results. 
A direct measure of the effect of temperature on reaction of 
the oxides under oxygen flow was obtained by keeping all other 
reaction conditions constant. (Table XflIV). The effect was 
studied from 630-800°C, and as for reactions in air (reaction 
time not constant) the maximum percentage chromate (VI) was 
observed at 650°C (27%), followed by a continuous decrease 
with increasing temperature to 800°C. The overall percentage 
products increased continuously from 630 to 800°c, showing that 
increasing the temperature gives an increase in the rates of 
formation and decomposition of the chromate (VI). One notable 
feature was the increase in percentage total products from 
760-800°C, contrary to the results of the reaction in air. 
(Table XXII). The oxygen flow appears to effect the temperature 
at which the mechanism changes. The reaction has not been studied 
above 800°C in oxygen, and it is not possible to draw definite 
conclusions on the effect of oxygen on this change of mechanism, 
The effects of reaction time on the reaction of the 
oxides under oxygen flow was studied at several temperatures 
(Table XXXV), and found to be in agreement with the effects 
found for the reaction in air, which are discussed earlier. 
Solid-State Formation of NdCrO 4 . 
The absezice of NdCrO 4 in the reacted samples was rather 
unexpected, since its' formation is reported (Schwarz (1963)] 
to take place according to the equation: 
Nd2 (Cr04 ) 3 + Nd(NO3 ) 3 .6H20 	> 3 NdCrO4, + 3 NO  + 6 H20 + 1.5 
under conditions of temperature and atmosphere used in the 
present work. This led onto the solid state formation of 
neodymium chromate (V) by reaction of Nd 2 (Cr04 ) 3 and Nd203 
being investigated. 
The solid state formation of neodymium chromate (v) 
according to the equation: 
A. Nd2(CrOk)3 + 0.5 Nd203 	> 3 NdCrO4 + 0.75 02 
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is studied in the present work, and the results are now 
discussed. The results of the series of reactions between 
neodymium chromate (VI) and neodymium oxide (2:1 molar ratio) in 
powder form in the temperature range 500 - 600°C for 113 hours 
under oxygen flow are given in Table XLI. The results show that 
at 5000C, there is ca, 27% neodymium chromate (V) formed, with 
an the reacted sample soluble in dilute acid, showing that no 
decomposition had taken place; of. results of the decomposition 
of neodymium chromate (VI) at 500C In Table XLIV in which ca. 
20% decomposition has taken place. The percentages of reaction 
of the two reactants were the same, within experimental error. 
The percentage of neodymium chromate (V) increased with increasing 
temperature from 5000C to a maximum at 560°C followed by a 
continuous decrease to zero at 620 0C. From 360 to 62000  there is 
an increasing percentage of chromite, showing that there is some 
decomposition of the neodymium chromate (V) formed. At temperatures 
where chromite is found, 560 - 620 °C, the percentage reaction of 
neodymium oxide is lower than the percentage reaction of 
neodymium chromate (vi); the difference is within experimental 
error at 56000  only. This could only be accounted for by 
decomposition of some chromate (VI), together with reaction of 
some of the non-decomposed neodymium chromate (vi) with neodymium 
oxide. 
Chronic oxide was found in the samples reacted at 
temperatures greater than 560°C. Therefore, as well as the solid 
state formation of neodymium chromate (V) by reaction A, it is 
also formed at higher temperatures by decomposition of neodymium 
chromate (VI) according to equation B. 
B. Nda(CrOk)3 	> 2 NdCrO4 + 0.5 Cr203 + 1.23 0a 
The increase in percentages of reaction from 300 to 5400C shows 
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that the rate of reaction A increases with increasing temperature. 
That the neodymium chromate (V) formed at these temperatures is 
formed solely by reaction A is shown by the percentages of reaction 
of the two reactants being the same, together with the absence 
of chromic oxide. Earlier work [Kirkpatrick (1966)] and present 
work (Table XLIV) on the decomposition of Nd2(Cr04 ) 3 show that 
the rate of reaction B increases with increasing temperature. 
Therefore it is concluded that as temperature increases, both the 
rate of reaction A and the rate of reaction B will increase. 
Since the rate of reaction B is known to increase rapidly 
with temperature it would be expected that the difference between 
percentages of reaction of the two reactants would increase 
continuously with increasing temperature, as more neodymium 
chromate (VI) would be used up in reaction B, leaving decreasing 
quantities to react with neodymium oxide. This is not observed, 
and in fact the difference increased from 560 to 580°C, then 
decreased continuously from 580 to 620°C. This is accounted for 
by the chromic oxide formed in reaction B undergoing reaction with 
neodymium oxide as both the reaction temperature and the concentra-
tion of chromic oxide increase to a level which will allow this 
reaction to take place. Therefore the solid state formation of 
neodymium chromate (V) at temperatures greater than 511.00C is a 
complex reaction system. 
On the basis of these arguments it is concluded that 
neodymium chromate (v) is formed. by reactions A and B, which can 
take place independently of one another. 
Nd2(Cr04 ) 3 + 0.5 	.> 3 NdCrO4 + 0.75 
Nd2(CrOk)3 	> 2 NdCrOk +. 0.5 Cr203 + 1.25 02 
Reactions A and/or B are the initial reactions, and the removal 
of neodymium chromate (V) to form neodymium chromite by reaction 
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C can take place subsequent to either reaction A or B. 
NdCrOk 	> NdCrO3  + O.SOZ 
Removal, or chromic oxide can only be obtained by reaction D, and 
takes place subsequent to reaction B. 
Nd203 + 1.5 br203 + 2.25 O> Nda(CrOk) Y 
The solid state formation of neodymium chromate CV) 'was 
also studied in pellet form at 600 °C, with no chromate (V) found 
In the sample. A large quantity of neodymium chromite (78%) was 
found, but the percentage reaction of Nd205 (659/-) was considerably 
lower than that of neodymium chromate (VI) (91%). It was concluded 
that the reactions A,B,C,D discussed above also take place here, but 
with the decomposition reaction C much more rapid in pellet form, 
As with the powdered samples, some decomposition of neodymium 
chromate (VI) has taken place, with some reaction between chromic 
oxide formed in this decomposition and neodymium oxide. Theoretic-
ally, it is possible that an the chrornite present in the sample 
was formed by reactions B and C. with no reaction between neodymium 
oxide and neodymium chromate (VI). This would require that all 
the reacted neodymium oxide had undergone reaction with chromic 
oxide formed in reaction B, according to reaction D. The 
following considerations of the experimental results however, 
rule out this theoretical possibility;- 
i) In the reaction of the oxides studied earlier at 600 0C 
for 17 hours under oxygen flow (Table XXXII) the percentage reaction 
of the neodymium oxide was 39.4%. In the present case the 
percentage reaction of neodymium oxide is 65.3k, with a shorter 
reaction time and its' reaction with chromic oxide being 
dependant on the initial decomposition of neodymium chromate (VI). 
On this basis, it is not possible for all the reacted neodymium 
oxide to have undergone reaction with chromic oxide. 
139. 
ii) A quantitative study of the results of this reaction. 
The reactions under consideration are: 
(B) 3 Md2 (CrO4 ) 3 	> 6 NdCrO4 + 1.5 Cr203 + 3.75 02 
(D) Nd203 + 1.5 Cr203 + 2.25 02 	> Nd2 (Cr04 ) 3 
i.e. to produce the 1.5 moles of chromic oxide required to 
react with 1 mole of neodymium oxide, 3 moles of neodymium 
chromate (VI) would have to undergo decomposition. But the 
actual ratio of Nd2(Cr04 ) 3 : Nd203 is 2:1. Therefore, if 100% 
decomposition of the chromate (VI) were obtained, the maximum 
percentage reaction of neodymium oxide would be ca. 67%. the 
actual results show 91% reaction of neodymium chromate (VI) 
with 65% reaction of neodymium oxide. Therefore within exper-
imental error, this reaction scheme appears feasible, at least 
qualitatively. 
However, in the sample analysed, initial weights of 
reactants were: 
0.03349. Nd203 
0.1265g. Nd2(Cr04 ) 3 
65.376 of Nd203 has reacted, = 0.0218g. 
from equation (D), this would react with 0.01489. Cr 203 
But the sample was found to contain 	0.0082g. Cr203 
Therefore total. Cr203 formed 	 = 0.02309. 
from equation (B) this would require the decomposition of 
0.1926g. Nda(CrOk)). 
But initial weight of Nd 2 (Cr04) 3 	= 0.1265g. 
Therefore, quantitatively it is shown that a considerable 
quantity of the Nd2O3 must have undergone reaction with 
Nd2(Cr04 ) 3 as this is the only other constituent with which it 
could react. 
Therefore, in conclusion, although no chromate (V) was 
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found in the pefletted sample at 600 °C, its formation and 
subsequent decomposition must have taken place s and all four 
reactiOnc A., E, C , t appear to have taken place to varying 
extents. 
The formation of lUC neodymium chromate (V) in this 
solid state reaction was obtained by using conditions where 
the percentage reaction of the Nd 2(Cr04) 3 and M203 were 100%, 
but neither the lid 2(Cr04 ) 3 nor the NdCrO4 formed underwent any 
decomposition. The conditions which were found to be most 
suitable were heating a pelletted mixture of the reactants at 
5250C for 70 hours under oxygen flow, with regrinding and re-
pelletting after 73 and 24 hours. 
Therefore, under conditions similar to those used in 
the reaction of the oxides, neodymium chromate (VI) underwent 
reaction with neodymium oxide to form neodymium chromate (V). 
In reaction of the oxides, where no chromate (V) was detected 
the neodymium oxide used was identical to that used here. The 
only known differences which could' possibly account for the 
fact that the chromate (VI) (orme4 in reaction of the oxides 
does not react with unreacted neodymium oxide are; 
Difference in the nature of the chromate (VI) formed 1y 
reaction of the oxides to that prepared from solution. 
The ratio of Nd2 (Cr04 ) 3 : Nd203, which is ca. 4;1 by 
weight in the reactions studied above, but only Ca. 1:4 
to 1:6 in the reacted samples of the oxides. 
The presence of Cr203 in the mixture of the oxides. 
The effects of (b) and (C) were investigated and the 
results are shown in Tables XLIX and L. In each case, neodydium 
chromate (V) was formed, showing that neither the ratio of 
tidaO, nor the presence of chromic oxide inhibited 
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the solid state reaction of neodymium chromate (VI) with 
neodymium oxide to form neodymium chromate (V). This only 
leaves possibility (a), and that there is a difference in structure 
between neodymium chromate (VI) formed in the reaction of the 
oxides to that prepared from solution has already been established. 
In summary, it appears that this probable difference 
in structure inhibits the reaction of the chromate (VI) with 
neodymium oxide. However, as there is no available means of 
isolating this chromate (VI) without.destroyingLdits structure, 
then its structure could not be established. This, together 
with the complexity of the system, prevents the reaction 
mechanisms being established conclusively. 
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TABLE A I 




3.85 22 0 0 2 3.848 
3.45 8 111 3.447 
2.746 11 020 2.747. 
112 2.723 
2.706 100 2 0 0 2.706 
2.457 5 121 2.334 
103 2.317 
2.315 
2.238 14 0 2 2 2.236 
2.212 17 20 2 2.213 
113 2.136 
122 2.066 
1.926 35 2 2 0 1.928 
1.870 13 3 0 1 1.756 
TABLE A II 
I . R. ABSORPTION MAXIMA OF NdCr0, 
Measured (cm) 	
-1 Literature (cm ) 
620 vs. 	 625 2. 
90 a. 	 580 s. 
494 m. 	 492 a. 
464 S. 	 463 a. 
434s. 
Literature :- Darrie(1967) 
TABLE A III 
I.R. ABSORPTION MAXIMA OF Cr203 
Measured (àti) 	- Literature (cm-1 ) 
685 sIt. 
625 6. 	 618 S. 
570 8. 	 550 s. 
530 sIt. 
1+42 in. 	 440 m- 
415 in. 
Literature :- Darrie(1967) 
TABLE A IV 
U.V. & VISIBLE ABSORPTION MAXIMA OF NdCrO 3_ 
Measured (tim) 	 Literature (ant) 
885 in. sp. 893 w. sp. 
810 in. sp.. 820 W. sp. 
745 m* ap. 	 752 w. sp. 
680 sit. 
590 s. 	 600 w. sp. 
520 sit. 
470 S. 	 435 8, b. 
365 8. 	 370 8. b. 
335 8. 	 .335 8. b. 
Literature :-• Kirkpatrick (1966) 
/ 
TABLE A V 






U.V. & VISIBLE ABSORPTION MAXIMA OF 
Measured (nut) 
880 M. sp. 
815 Sp. 
750 a. ap. 
680 w. sp. 
600 8. sp, 
535 m- 
520 in. op. 
485 W. op. 
470 w. GP-  
365 in. apt 
340 w., 
250 a. up. 
TABLE A VII 
I.R. ABSORPTION MAXIMA OF (Nd03 + Cr2Q,; ) HEATED AT 6600C FOR 
3 HR. UNDER ARGON ATMOSPHERE 
Reacted in Argon (cC1 ) 	Unreacted (cm) 
685 cli. 	 685 oh. 
627 a. 
575 a. 








TABLE A VIII 
dA SPACINGS FOR (lid9., + Cr 3) HEATED AT 660°C FOR 3HR, 
UNDER ARGON ATMOSPHERE 
Reacted in Argon 	 Uzu'eacted 
3.63 (28) 
	
3.29 (30) 	 3.35 (15) 
2.989(38) 	 3.03 (47) 

















TABLE A IX 
I.R. ABSORPTION MAXIMA OF N4CrO4_ 
Observed (cil t) 	Literature 
869 w.sb. 
842 w.èb. 	 835 Wi 
770 sb. 	 780 s.bi 
420 rn. 
Literature ;- Darrie(1967) 
TABLE A X 
dA SPACINGS FOR NdC±O4_ 
Measured - 	Literature 
4.82 (24) 	4.80 (28) 















Literature :- Darrie(1967) 
TABLE A XI 
I.R. ABSORPTION MAXIMA OF Nd2(Cr04j2O 




896 s. 905 s.b. 
866m. 865 s.b. 
847 m. 845 a.b. 
824 in. 820 s.b. 
620 w.b. 655 n.b. 
455 w.sh. 
433w. 
Literature :— Kirkpatricid1966) 
S*)tDW4 Si 
I. R. ABSORPTION MAXIMA OF Nd2( CrO 1 j3•.... 
Observed(cC) Literature (cCi) 
1000 in. 
935 8. 935 sb. 
900 in. 
868 m.b. 865 eb. 
812 S. 
798 m.sh. 780 sb. 
455 m. 456 in. 
435 in. 435 in. 
Literature ;- Kirkpatriàk(1966) 
TABLE A XIII.. 
dA_  SPACINGS _FOR 	 ____ 
Measured 	Literature 
6.51 (100) 
5.54 (62) .5.37(71) 
4.65  4.50 (46) 
.71  
3.66 (54) .3.63(50) 
3.57 (73) 3.53. (46) 





Literature :- Kirkpatrick(1966) 
TABLE A XIV 
ol 
dA SPACINGS FOR 
• 	Measured Literature 
9.21 (100) 9.21 (100) 
6.42 (17) 
• 	 5.34 (20) . 	 5.31 (47) 
• 
	
4.74 (25) 4.77 (12) 
• 	 . . 	 ,• 4.72  





3.49 (24) . 	 3.52  
3.44 (18) 3.23 (43) 




2.706 (20) 2.85 (13) 
2,514(17) 	• 2.64 (17) 
2.45  
2.38  
2.287(18) 2.30 (22) 
2.19 (15) 
1.91 (15) 
Literature .-• Kirkpatrick(1966) 
TABLE A XV 
dA SPACINGS FOR (Nd 2Q7 + Cr293) REACTED AT 8140.450°C FOR 1UR. 
T( ° C)/ 	840 880 900 930 950 
5.87 (37) 3.87 (30) 3.87 (32) 3.87 (35) 5.87 (41) 
3.65 (28) 3.65 (24) 5.65 (27) 3.65 (30) 
3,33 (37) 3.33 (40) 3,35 (40) 3.33 (30) 3.35 (24) 
3.02 (33) 3.01 (32) 3,03 (.21) 3.01 (30) 3.01 (29) 
2.903(100) 2.912(100) 2.912(18fl 2.931(100) 2.912(100) 
2.722(82) 2,722(85) 2.722(80) 2.706(82) 2.706(80) 
2.667(26) 2.667(34) 2.667(40) 2.667(36) 2.667(33) 
2.481(18) 2.481(20) 2.481(10) 
2.227(38) 2.233(35) 2.233(30) 2.233(36) 2.233(29) 
2.222(42) 
	
1.929(26) 	1.926(35) 	1.926(31) 1.929(35) 1.926(40) 
1.918(57) 	1.914(37) 
TABLE 	A xvi 
I.R. ABSORPTION MAXIMA OF (Nd2Q + Cr2Q3) REACTED AT 8140-950°C  FOR 1112. 
T() 	840 880 900 930 950 , 
975w. 
940w. 940w 
920 v'w. 920 w.ah. 
890 w.sh. 
860 w.eh. 
690 w.sh. 690 w.sh. 690  w.sh. 690 cli. 690  six. 
628 s.b. 635 s.b. 630 c.b. 628 s.b. 626 s.b. 
575 s. 578 a. 579 a. 582 a. 584 a. 
493 cli. 495 w.ah. 495 w.ah. 495 cli. 495 m.sh. 
463 in. 464 w. 464 w. 465 m. 465 in. 
443 m.. 445 w... 445 w. 444 w. 444 m. 
TABLE A XVII 
U.V. & VISIBLE ABSORPTION MAXIMA OF Ndp(CrOjs AND 
Nd ( Cr0k.9Q 
Ndp(CDOkL; Ndp ( CrOkJ?H2O 
Observed ici1 I Literature ()) Obseryed4ajfl 	Literature icij1 
880 m.sp. 877 m.sp. 	- 860 rn.ep. 877 m.sp. 
80 m.ep. 800 zn.sp. 790 s.sp. 800 m.sp. 
750 m.ep. 	- 752 rn.sp. 735 e.sp. 752 map. 
685w. 675 W. - 
595 s.sp. 588 m,sp. 580 s.sp. 588 -m-sp. 
440 a.b. - 	 435 a.sh. 
375 8. 375 s.b. 365 vs.b. 370-s,b. 
275 Si. 265m.b. 
Literature :- Kirkpatrick(1966) 	 - 
TABLE A XVIII 
0 
dA SPACINGS FOR (Nd, + Cn
'
..O,,) HEATED AT 800,900(N243 C 
-I  
800(+hr.) 760(1hr.) 720(2br.) 	700(3ibhr.) 
5.54 (68) . 	 5.54 (28) 
3.82 (32) 3.83 (25) 	3.82 (26) 
3.20(78). 3.20 (45) 3.18 (41) 


















TABLE A XIX 
SPACINGS FOR OXIDES REACTED AT 600-6800c. 
600(17hr.) 630(8hz'.) 650(43-hr.) 680(2Jhr.) 
5.68 (33) 5.58 (52) 5.72 (75) 
3.35 (41) 3.22 (76) 3.21 (100) 	321 	(67) 
3.14 (38) 3.18 (90) 
3.03 (19) 3.01 (57) 
2.931(100) 2.912(100) 2.903 (72) 
	
2.823 (65) 	 2.885 (55) 
2.690 (48) 	 2.814 (85) 
2.714(100) 




1.926 (42) 	 1.914 (64) 
1.831 (38) 
TABLE XX 
dSI SPACINGS FOR OXIDES REACTED AT 400-5500C. 
400 (48hr.) 	450(49hr.) 	500(48hr.) 	550(26hr.) 
5.58 (90) 	5.58 (51) 	5165 (90) 
4.25 (38) 
3.69 (36) 
3.30 (38) 3.31 (31) 3.25 (83) 
3.11 (47) 3.10 (100) 3.12 (64) 3.14 	65) 
2.989(44) 3.00 (47) 3.04 (45) 
2.894(100) 2.903(81) 2.903(100) 2.941(100) 
2.659(64) 2.667(58) 2.667(43) 
2.481(39) 
2.217(57) 2.227(93) 2.222(58) 2.238(91) 
1.910(58) 1.910(60) 
1.834(71) - 
TABLE A XXI 
I.R. ABSORPTION MAXIMA OF THE OXIDES REACTED AT 7OO80O'¼(cC3 ). 
800(3-hr.) 760(11hz'.) 720(2)r.) 700(3Ihr.) 
935vw. 935w. 935w. 935 m. 
890.vw. 890 m. 890 m. 888 rn. 
868w. 860w. 865 m. 
848 w. 850 w. 845 w. 
690 W. 690 w. 685 ski. 
615 s. 618 a. 620 s. 622 s.b. 
578 a. 580 s. 580 s. $78 a. 
496 w.sh. 497 eli. 495 w. 
• 460 w. 462 rn, 460 M. 460 M. 
in. 436 • 436 rn. 435 in. 434 in. 
412 in. 414 w. 412 w. 414 m. 
TABLE A XXII 
I • B. ABSORPTION MAXIMA OF THE OXI DES REACTED AT 
68ocahrw . 650(,e+hr.) 630jSj±j 600(17) 
930 xu. 930 S. 930 mesh. 930 m. 
885 S. 885 vs. 690 m. 888 S. 
867 rn. 867 a. 870 m. 868 we 
843 m. 844m. 846 we 845w. 
685 she 685 she 
615s. 615s. 625s. 626 a. 
5788. 566 a. 578 a. 576 a. 
490 we she 	480. we be. 
460 we 
425 we be 	420w. 
410w, 	412w.b. 	415w. 
TABLE 4 XXIII 
i.R.. ABSORPTION MAXIMA OF THE OXIDES REACTED AT 40055QQjcnf). 
559(26!!!,! 500(48hr.) 450(49Dir.) 400(48hr..) 
930 w. 932 we 935 we 935 we 
890w. 890 za. 890 me 890w, 
870 m. 868 we 870 we 870 vw. 
84? we 845 w.ah. 850 w.sb. 
627 ye., 630 vs.. 628 vs. 630 vs.. 
577 a. 581 a. 580 8. 580 a. 
-+42 w. 2440 W ,. 4445 We 440 we 
414w. 412w. 142w. . 412w. 
TABLE XAIMXIV 
0 
dA SPACINGS FOR THE OXIDES REACTED AT VARIOUS TEMPERATURES UNDER 
720(2hr.) 630(8hz'.) 600(17hz'.) .550(2Ghr.) 
3,85 (40) 3.83 (44) 3.83 (18) 
3.63 (31) 3.63 (50) 3.63 (18) 
3.09 (20) 3.09 (45) 3.16 (67) 3.09 (71) 
2.894(33) 2.894(60) 2.894(87) 2.894(17) 
2.706(100) 2.714(100) 2.714(100) 2.706(60) 
2.667(56) 2.667(51) .667(47) 2.667(1OO) 
2.233(41) 2,233(36) 2.233(51) 
1.922(18) 
TABLE A XX3L 
I.R. ABSORPTION MAXIMA OF THE OXIDES R4QT.. AT VARIOUS T14P$. 
• UNDER oS.. now (cC1) 
720(ahrj 630(8br.) 600(i7hr.) 550(26hz'.) 
930 M* 935m. 930 M. 93Dm. 
890 m. 8886. 890 a. 885 a. 
868w. 868m. 870 a, 868s. 
848 w. 850 W. 848 M. 848 M. 
685 ah. 685 ab. 
622 a. 618 a. 630 S. 625 'v8. 
• 	578 a. 	.--57-7 s.• 575 r. - 578 a. 
496 sb. • 496 w.sh. 
460 rn. 	460 w. 	464 m. 
434 m. 432 w. 435 w. 	425 w.b. 
414w. 	.412w. 	414w. 
TABLE A XXVI 
I.R. SPECTRA OF (Nd2 (CrO4 ) 3 + Nd203 ) HEATED FOR 113HR., UNDER 02  AT VARIOUS TEMPERATURES 
0r203 Nd203 NdCrO3 NdCrO4 Nd2(Cr04 ) 3 5000C 540° C 560° C 580° C 600°C 
998 rn. 998. rn.. 998 rn.. 998 w.. 
937w.sh . 930 s. 931 S. 930 in.. 930 rn. 940 w. 930..sh. 
898 rn.. 898 rn.. 898 w. 330w.sh. 
868 sh. 860w..b., 850 W. 850w.sh . 855 sh. 856 w. 
810 rn. 820rn.zh. 830 w.. 
800sh. '788 m. 
765vs.b. 730sh.b. 770vs.b. 770vs.b. 760vs.b. 760s.b. 
680rn..sh.. . 690wah. 
625s..b.. . 620va.  
612 sh. 612 w. 612m.sp. 612 w. 612m.sp. 612 w.. 612 we. 
590 S. 580 w.. 575 rn:. 577 rn.. 
565 s..b. 
530w.sh . . 530 w.. . . 
492 rn. 495 w.b.. 495w..sh. 495 w.. 
462- s. 460w..sh. 460 sli. 460 rn.. 
450 sh. 452 w. 453 w. 453w.sh . 
440rn..sp.. . . 
432 s. . 432 w. 433 w. 	. 
. 	. 
 .. 426 rn. 425 S. 430 m..
- 420rn..sp. 417w..sh. 425m.b. 
klOw..sp. 4108.sp. . - 404 sh. 
375w.sh . 378rn.. 380 we 383 w. 	. 385w!, 377 we 378 w. 
330 w. 342 we 350 w.b. 345 w.b. 336 w.. 
TABLE A XXVII 
dA SPACI NGS FOR (Nd2 (Cr04 ) 3 + Nd203 ) HEATED FOR 113HR; UNDER Oa  AT VARIOUS TEERATURES 
600° C. 	580 ° C 	560° C 	540°C 	5000C Nd2 (CrO4 ) 3 NdCrO4 NdCrO3 Nd203 Cr2O3 
5.54(62) 
4.85(18) 4.82(34) 4.82(30) 4.85(25) 
4.53(13) 4.37(14) 4.65(3) 
5.85(16) 	 3.88(14) 
3.71(54) 




3.65(100 ) 3.63(66) 
3.00(16) 










2.72(100) 2.72(97) 2.73(86) 2.72(85) 
2.6O(19) 	 I 





















1.93(39) 1.93(34) 1.93(9) 1.94(21) 1.93(20) 
	
1..92(12)1.93(35) 1.93(37) 
127(37) 1.87(77) ]L87( - 7) 1.87(65) 1.88(16) 
	
1.87(-52)1..87 (13) 
1.82c) 1.82(19) 1.82(22) 1.82(12) 1.82(18) 
TABLE A. XXVIII 
0 
dA SPACINGS & I..R.ABS0TI0N_MAXIMA OF THE QXIDES REACTED AT 
580°C FOR 114-HR. UNDER 	FLOW (POWDE RS) 
- 	dA Spacings 	 1. R. Maxima 
d 	 1/10 	 cC1. 
3.60 30 935 ski. 
3.35 43 888s. 
3.14 37 868 s. 
3.01 52 846n. 
2.931 100 685 oh. 




1.914 41 480w.b. 
1.831 39 4.5 W. 
406 iv.. 
TABLE A XXIX 
0 
dA SPACINGS FOR (Nd•(c, j+N&& (PELLETS) HEATED BELOW 560 0C IN 0 
550 	hr.) H  550(161w.) 	550(29hr4_. 5k0U2hr.L 
482(25) 	4.82(24) .4.82(25) 	4.82(20) 
3.83(20) 
3.65(100) 	3.69(100) 	3.69(93) 	3.65(100) 
3.06(22) 
2.912(20) 2.903(15) 	. . 	 . 2.922(16) 
2.722(88) 2.722(68) 2.714(100) 2.730(65) 
2.593(25) 	- 2.585(23) 	. 2.583(22) 2.378(24) 
2.276(21) 2.276(22) 	. 2.276(14) 
1933(24) 1.929(12) 1.922(27) 1.941(16) 
1.873(6.5) 	. 1.573(52) 1.873(42) 1.876(2) 
1.831(30) 1.831(16) 1.831(18) 
( contd.....) 
TABLE A XXIX (Contd.) 
4 SPACINGS FOR (k! 	4j7+N42g,L(PaLS) HEATED BELOW %Q°C. IN 
525(60hr.) 	520(40hr..). 
4.82(17) 4.82(23) 
3.65( 100) 	3.63(100) 
3.09(18) 








TABLE A XXX 
I.E. ABSORPTION MAXIMA. OF 	 + 0.5 N6LflLL$ 
HEATED UNDER 0 FLOW BELOW 560 0C.2. 
550(11+hr.) 	550(16hr.) 	550_20hrj 	540(224 r.) 
1000w.. 	1000w. 	1000w. 
930m. 935s. 933xn. . 	930w. 
890m. 	900w. 
850th. 	. 850m.sh. 	860w. 
7908.b. 790s.b. 7908. 	770s.b. 
615w. 
455w. 	455w, . 	458w. . 	465w. 
425m.b. - 	435m.b. - 430w,b. - 
41 5m • b, 
(contd..... ) 
TABLE A XXX (Contd.) 
I. R. ABSORPTION MAXIMA OF (Jd.(C0j + O.j N&.0A PELLETS 
HEATED UNDER 02aow BELOW 5600 C. 
525( 1*0hz'.) 525(6Ohr.) 520(16hz'.) 520(4Qhz.) 
1000w. 1000w. 1000w. 1000w. 
938m. 93m, 938m. 935m. 
900w. 900w. 
850w.eh. 855sh, 855sb. 860sb. 
790s.b. 7.0v's.b. 	. 780s. 790vs. 
455w. 455w. 	: 458w. 
425w. b. 40m. 	-. 425m. 425m. 
TABLE. A XXXI 
I. N. ABSORPTION MAXIMA OF 	 + NdQ3) REACTED IN DIFFERENT 
WEIGHT RATIOS AND WITH CrLg 0-v PRESENT (5250 C. 29HR.) --- 
Nc12(Cz'Q4)3 + N4203 Nd2(CrO4) 3 + - N4203 + 0r203 	- 
1:6(cn71 ) - - 1:4(cC1 ) 1j6;2.5(ciC1) 3,:4:2.2(cC1 ) 
930 in. 930 in.. 925 m. MI. 930 sli. 
882 8.- 883 s. 	- 883 s. 888 -in. 
864 iii. 	- 864 in. 	- 864 rn. 860 
842 m. 840 rn. 	- 842 in. 846 w.. 
760 w. 760 w. 775 rn.b. 780 m.b. 
680 sb. 680 sb. 
- 	-- 	 - - 	620-s. -- 	 626. s. 
578 S. 578 s.. 
420 s.b. 430 a.b. 44) sn.b. 420 in.b. 
TABLE A. XXXII 
ta SPACINGS FOLtMjr04L+Nd2Q)_ HEATED IN DIFFERENT WEIRP 
RATI0L AND WITH CEeOj PRESENT (5250C. 293HR.) 
Nd(Cr0,) 2 + NdO Z 	Nd,(Cr0,) +Nd,0 + Cr,0 
i:k( 1:6 1:4:a 1th:2.5 H 
3.63(17) 3.66(15) 
3.32(18) 3.31(20) 3.31(18) 3.32(18) 
3.01(28) 3.01(30) 3.01(28) 3.00(25) 






2.222(25) • 	2.217(29) 
1.910(21) 	1.910(22) 
TABLE A XXXIII [i] 
Reacted Sample NdCrO 4 0r203  Reacted Sample NdCr0 1 Cr293 
4.80(12) .80(28) 935 w.sh. 	.937w.eh. 
3.88(22) 868sh. 
3.69(21) 3.65(10043.62(66) 775 s.b. 765vs.b. 
3.49(18) .680m. sb. 
2.746(100) 2.714(70) 625 m. 612 w. 	625 s.b. 
2.675(20) 2.667(100 80 m. 565 s.b. 
2.578(18) 525 W. 530w.sb. 
• 2.481(59) 
2.243(22) 2.276(18)2.265(16) 415 w. 420m.sp.410w.cp.. 
2.176(32) 
1.937(45) 1.933(12) 
1.876(25) 1.873(52) 
1.824(18) 
